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(54) Abstract Trie 

Wefeore earing wWi radfatfy npmdodBnoroxtniMoff a momflrai 

C57) A tubular liner 210 and mandrel 20S ara positioned within a taction ofweilbore 100 with the tubular Liner 
cwerlapping an existing casing 1 10 (if present). A hardeneble fluid* material (305. figure 3) la injectad into the 
section of waf (bora 31 0 below the leva! of the mandrel 206 and into the annular region 315 between the tubular 
Hner and the section of the weHbore. The inner end outer regions of the tubular liner are then flukfldy isolated 
by introducing a j^ug 405. A r>on4i*rdenabIe nuldic mstertaJ 306 la then injected Into a portion of the interior of 
the tubular Rner 310. below the mandrel to pressurize It The tubular liner is subsequent* extruded off of the 
mandrel. 
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2344606 

WEULBORE CASING 
Gross Reference To Belated Applications 
This application claims the benefit of the filing date of US. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7/1998 , the disclosure of which is incorporated herein by reference. 
Background of the Invention 
This invention relates generally to weUbore casings, and in particular to 
weUbore casings that are formed using expandable tubing. 

Conventionally, when a weUbore is created, a number of casings are 
5 installed in the borehole to prevent collapse of the borehole wall and to prevent 
tmdesired outflow of drills 

formation into the borehole. The borehole is drilled in intervals whereby a caring 
which ia to be installed in a lower borehole interval is lowered thnnigh a previous^ 
installed casing of an upper borehole interval. As a consequence of this procedure 

10 the casing of the lower interval is of entailer diameter than the casing of the upper 
interval Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuli are provided between the outer 
surfaces of the casings and the borehole wall to seal the camngs from the borehole 
wall As a consequence of this nested arrangement a relatively large borehole 

15 diameter is requ ire d at the upper part of the weUbore. Such a large borehole 
diame ter involves increased costs due to heavy casing handling equipment, large 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time is in volve d due to required cement pumping, cement 
hardening,, required equipment changes dne to large variations in hole diameter s 

20 drilled in the course of the well, and the large volume of cu tting s drilled and 
removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
weEbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wettbore casing is provided that includes instaffing a tubular liner and a mandrel 



in the borehole, iiuectbigfluidic material into the borehole, and radially expanding 
the liner in the borehole by extruding the ling off of the mandrel 

According to another aspect of the present invention, a method f forming 
a wellborn casing is provided that includes drilling out a new section of the 
5 borehole adjacent to the already existing casing. A tabular liner and a mandrel are 
then placed into the new aection of the borehole with the tubular liner overlapping 
an already existing casing A hardenable fhudic se aling material is injected into 
an aimular region between the ttumlarlmer and 

The annular regtonbetween the tubular ihw and the new section of the borehole 
10 is then fluklicly isolated from an interior region of the tubular liner below the 
mandrel A non hardenable fluidfc material is then injected into the interior 
regionofthe tubular uner belowthemandreL The tabular Imer is extruded off of 
the mandrel The overlap between the tubular liner and the already existing 
eamng m sealed. The tubular liner is supported by overlap with the already 
15 existing easing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tabular liner and the already existir^ casing is 
tested. At least a portion of the second quantity of the hardenable fhudic sealing 
material is removed from the interior of the tubular liner. The remaining portions 
of the fluidfc hardenable flum^ At least a portion of 

20 cured fhuufc hardenable sealmg 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
nuindreU tubular m«n^ The support meiohernactades a firstfluid 

passage. The mandrel is coupled to the support member and includes a second 
26 fhudpassage. The tubular member is cmipk^ The shoe is coupled 

to lie tubular liner and inchidra 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that memoes a support member, an 
30 nrrmn-i-"- » member, a shoe, and at least one sealing member. 

The support member inchides a fir* fluid passage, a second fhutt pas 
flow control valve coupled to thefirst and secomi fluid passages. The expandable 
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mandrel is coupled to the support member and includes a third fluid passage. The 
tubular member is coupled to the mandrel and includes one or more sealing 
elements. The shoe is conpled to the tubular member and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tubular member. 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tabular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided that in rhides positimunga mandrel within an interior region 
10 of the second tabular member. A portion of an interior region of the second 
tubular member is pressurised and the second tubular member is extruded off of 
the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that i n c lude s an annular member having one or more sealing members 
15 at an end portion of the annular member, and one or m ore p res su re relief passages 
at an end portion of the annular member. 

According to another aspect of the present invention, a wellbore r*gm g is 
provided that in c lud e s a tubular liner and an annular body of a cored fhiidk 
sealing material. The tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandreL 

According to another aspect of the present invention, a tie-back liner for 
lining an existing wniihrm* casing is r™v" w that WT udft a tubular liner and an 
annular body of cured flnirfi* mKngmatmrtmi The tubular liner is formed by the 
process of extruding the tubular liner off of a mandreL The annular body of a 
25 cured fluidic sealing material is coupled to the tubular liner. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member. The mandrel includes 
30 a second fluid passage operahly coupled to the first fluid passage, an interior 
portion, and an exterior portion- The interior portion of the mandrel is driUabku 
The tubular member is coupled to the mandrel The shoe is coupled to the tubular 
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member. The shoe includes, third fluid passage cperably coupled to the second 
lhiidpaaage,aninterto^ The interior portion of 

the shoe is billable. 
Brief Description of the Drawings 
5 naiisafragmentaiycwBM*ct^ 

section of a well borehole. 

nG.2isafragmentarycross-8ectmn^ 

^abodinentofanapparatosfor 

«ell borehole. 
10 na.3Uafragmentarycrcs»*eetionalv^ 

flrrt quantity ofahardoiaDlefhi^ 

well borehole. 

nQ.8ai»aiwth«fraginenta^cK»^ectto 
of a first quantity of a hardenabte fluiriir aealing material into the new section of 

15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 

seeondquanthyofabarden^^ 

well borehole. 

KG. 5 is a ftagmentary cn»WKCtioi^ 

20 a portion of the cured hardeiiabte 

the weD borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred enujodiment of 
25 the apparatus for creating a caaiiigwitbm a wett borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
emended tubular member wh^ another tubular inember. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for fonnmg a casing inchid^ 
30 FIG. 9a is another cross-sectioiisiatastratto 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9c is another cross-Bectional illustration of the apparatus of FIG. 9. 



-4- 



FIG. 10a is a crosa-sectkmal flhatwtkm of a wellbare including a pair f 
adjacent overlapping casings. 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back lm<>f using an expandable tabular member. 
5 FIG. 10l in a croon oortirmsl fflnntrgtion of thr pnmphignf rr fhriitir nmling 
material into the armntor region between the tubular member and the existing 
casing 

FIG. lOd is a cross-sectional illustration of the pressurizing of the interior 
of the tubular member below the mandreL 
10 FIG. lOe is a cross-sectional illustration of the ertrnmon of the tubular 
member off of the mandreL 

FIG. lOfh across sei lii n tal fflnsl i st Inn of the tin back Bner hnfnm drilling 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
15 created using an expandible tubular member. 

FIG. 11a is a fragmentary cross-sectional vot 
new section of a well borehole. 

FIQ lib isa fragmentar y c ross imrHn™) viflwilhigfcratingtha plaremmtof 
a n pinrrt ww iH lffM *it of an spparnfaff for fry^gfag * tuhi* V 1 * K* 1 ** 1 now section 

20 of the well borehole. 

HG. 11c is a fragmentary croae-eoct^^ 
fl firfft q^Titfty ftf f Wdrnifthto fhiMto wt^Hng material into the new section of the 

well borehole. 

FIG. lid is a fragmentary cr oso sectional view illustrating the introduction 
25 ofa wiper dart into the new section of the well borehole. 

Fft} 7 1 «H° f frpgmmifawy rrrvm^tinTrm] vj«W (Umbrating thfl iqffigtiDn of 

a second quantity ofa hantanahle flnidfo sealing material into the new section of 
the well borehole. 

FIG. llf is a fragmentary cross-sectional view fllnatrating the completton 
30 of the tubular liner. 



An apparatus and method for forming a weUbore casing within a 
subterranean formation is provided The apparatus and method permits a 
weUbore easing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a weDbore, and then extruding the 
tubular member off of the mandrel by pressurising an interior portion of the 
tubular member. The apparatus and method ftirther permits adjacent tubular 
members in the weUbore to be joined using an overlappingjoint that prevents Ihxid 
and or gas passage. The apparatus and method ftirther permits a new tubular 

10 member to be supported by an existing tabular member by *Tp*nriing the new 
tubular member into engagement with the existing tubular member. The 
apparatus and method ftirther minimises the reduction in the hole sixe of the 
weUbore casing necessitated by the addition of new aecticms of wellborecafl^ 
An apparatus and method for forming a tie-back liner using an expandable 

15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extxudingati^ 

and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the weUbore to be joined using an overlappingjoint that prevents fluid and/or 

20 gas passage. The apparatus and mfftlxyl ft^fthgr pgrmifcg a now tubular mwnher 
to be supported by an existing tubular member by expanding the new tabular 
member into engagement with the existing tubular member. 

An apparatus and method for e^anding a tubular member is also provided 
that includes an expandab le tubular member, mandrel and a shoe. In a preferred 

25 embodiment, the interior portions of the apparatus is composed of materials that 
pennit the interior portions to be removed u^ 
In this manner, in the event of a malfunction in a downhok region 
may be easily ranoved. 

An apparatus and method for hanging an expandable tubular liner in a 

30 weUbore is also provided. The apparatus and method pwinit a tubular Knar to be 
attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general. 
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Referrirjg initially to Figs, i-fi, mi embodiment of an tt»"-«"« »H method 
for forming a wellbcre casing within a subterranean formation will now be 
described. Asffiustratedinfig. l^aweUbore 100 is positioned in a sobterranean 
formation 105. ThaweDborelOOinchide«aneerigtmgCTBri 
5 U^ul^casaj^U5Mi^*QBnnv3aioui^]xyeTofcm^^ 120. 

In order to extend the weDbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill oat material from the 
subterranean formation 105 to form a new section ISO. 

As fflostretod in Kg. 2, an apparatus 200 for formmgawellboracasingin 
10 esubteiraneanfonnatfcmisto 

100. The aaanlM 200 y^f^hh, <tw*w<«- ™ ~p-~un — nr pig ?Q6 > q 
tubular member 210, a shoe 215, a tower cm seal 220, an ttpper cap seal 225, a 
fluid passage 230,a£taWpiu«ege235,afbnn , pa 
member 250. 

15 The e xp a n dsbl e mandrel 205 is coupled to and supported by the support 
member 260. The expandable mandrel 205 is preferably adapted to controllabry 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional conunerdalhj avaflable ex panda ble mand rels modified in 
accordance with the teaching s of the present disclosure. In a preferred 

20 rnnhodrmmt, the wirtanHnble mandrel 206 compriaes a hydranbc expansion tool as 
disclosed in UJS. Patent No. 5,848,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure, 

The tubular member 210 is supported by the expandable numdrel 205. The 
25 tubular member 210 is expanded in the radial direction aid extruded off of the 
expandable mandrel 205. The tubular member 210 may be fabricated from any 
number of conventional commercially available materials each as, far example, 
Oilfield Country Tubular Goods (OCTG), 18 chromium steel tubing/casing, or 
plastic tubing/casing. In a preferred embodiment, the tubular member 210 is 
80 fabricated from OCTG in order to mnxtmite strength after expansion. The inner 
and outer ammeters of the tubular member 210 may range, for example, from 
approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. In a preferred 



ernbodiment, the hmer and outer* 

about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally 
provide telescoping effect in the most commonly drilled wellbore sires. 

The tubular member 210 preferably comprises a solid member. 
5 In a prrfmnl t>r^™-"+, ^ »*d portion 260 of the tabular member 210 
ia slotted, perforated, or otherwisem 

when It completes the extrusion of tubular member 210. In a preferred 
embodiment, the teugth of the tabular member 210 is limited to niinimire the 
poasibflity of buckling. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferably Hinitea to between about 40 to »^ 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tabular 
member 210. The shoe 215 merades fluid passage 240. The shoe 215 may 
comprise any number of conventional cominereially available shoes such as, for 

16 example, Super SealHfloat shoe, Super SealE 

with a sealing sleeve tor a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embedment, the shoe 216 
compriaes an ahiminum down-jet guide shoe with a aealingaleeve for a latch-down 
phig av ailable from Halliburton Energy Services in Dallas. TX, modified in 

20 accordance witotbnteachu^ 

the tubular member 210 in the wellbore, optimal*/ provide an adequate seal 

between the interior and exterior diameters of the o^eriaimin^ 

tabular members, and to optimal* altow the «mpl^ 

phig after the completion of the cementing and expansion operations. 

25 Inapreferredeinbc<liment,the 

side outlet ports in fhiidic comnuinication with the fluid passage 240. In this 
manner, the ehoe 215 optimally injectahardenable fl uidic s ftaKngmaterial into the 
region outside the shoe 215 and tubular m ma preferred embodiment, 

tbe shoe 216 inchidea the flum pw 
30 recerveadartand/orabaUsealmg member. In this manner, the fluidpassage 240 
can be optimally sealed oflTymtroducixigapln* 
into the fluid passage 230. 
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The lower cop seal 220 is coupled to and supported by the support member 
250. Hie lower cup seal 220 prevents foreign matoriflfa from catering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 nury comprise any number of conventional commercially 
5 available cup seals such as, for example, TP cups, or Selective Injection Packer 
(SIP) cops modified in armrrfun^ with fo# frmrhmg H of thr prtsent digdocurc. In 
a preferred embodiment, the lower cup seal 220 comprises a SIP nip seal, available 
fi^ Halliburton Energy Service 
material and contain a bo$y of hibricanl 
10 The upper cup seal 225 is coupledto 
250. The upper cup seal 225 pwentofor^^ 

regkm of the tubular member 210. The upper cup seal 225 may comprise any 
number of conventional cflmmgrii% available gup aaala audi as, flb r example, TP 
cups or SIP cups modified in aooordance with the of the present 

15 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup,ava2ablefromHalHb^^ 

block the entry of foreign materials and contain a bod> of lubricant 

The fluid passage 230 permits flnidic materials to be transported to and 

from the interior region of the tubularmfflnber210bdow the expandable 
20 205. The fluid passage 230 is coupled to and positioned within the support 

member 250 and the expandable mandrel 206. The fluid passage 230 preferably 

extends from a position adjacent to the surface to the bottom of the expandable 

mandrel205. The fluid passage 280 is prefarabfrpoattioned 

the apparatus 200. 
25 The fluid passage 230 is prefer^ selected, in to 

operation, to transport material w such as drilling mud or formation fluids at flow 

rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 

psi in order to minimise drag on the tubular member being nm and to minimise 

surge pxessuiM exerted on the weita 
30 and lead to hole collapse. 

The fluid passage 235 permits ihik^ 

passage230. In this manner, during pla«mentof the apparatm 200 within the 



new section 130 of the wellbore 100, fluidic materials 265 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tabular member 210 
thereby mmmuzmgsurgepTessures The fluid passage 

235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidkly coupled to the fluid passage 230. 

The fluid passage 235 preferably mdu*» a control valre fw 
cpentaganddoatogtheftumpa^ maprefetredembou1nieiit,thecontn>l 

valveiapressurearfivaiedmoidw ^ 
^passage 235 is preferably positmnedsub^ 

10 of the apparatus 200. 

The fluid passage 236 is ipreferebfr seleeted toeom^fluidictnaterialsat 
flow rates and pressures ranging ftom about 0 to 3,000 gallonamiinute aim 0 to 
9,000 psim order to reduce the 

the new section ISO of the wellbore 100 and to minimise surge pressures on the 

15 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
paas^ 240 is coupled to and positioned within the shoe 215 in ftuidk 
communication with the interior region of the tubular member 210 below the 

20 expaimabk mandrel 205. The flum passage 240 preferab^ 
ahape that pernutoaplug,c>r other 

to thereby block furtbi* passage of in this manner, toe interior 

region of the tubular member 210 below the expandable mandrel 205 can be 
fhiidiclyu«>latedfremthe Thispermits 

25 the bitertor region of the tabular me^ 

to be pressurized. The fluid passage 240 is preferably positioned substantially 
along the centerline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling nmd or epoxies at flow retes aim present 

30 to 3.000 gallons/nnnuteandO to 9,000 psi in order to oirtinmUy fm the annular 
regwn between the tubular member 210 and 

100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 240 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubular member 210. The seals 246 are farther positioned on an outer surface 265 
of the end portion 260 of the tubular member 210, The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260 ofthe tubular member 210 to be fluidicjy seeled. The seals 245 may comprise 
any number of conventional commercially available seals such as, for example, 
10 lead, rubber, Teflon, or epoiy seals modified in accordance with the t^hfo g* 0 f 
the present disclosure. In a preferred embodiment, the seals 245 are molded from 
Stratalock epoy available ftrmiHafr 

to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 ofthe existing casing 115, 

15 hi a preferred embodiment, the seals 245 are selected to optimally provide 

asnffiripntifrctionalforceto support the expanded tulmlarmember210ftom the 
existing casing 115. In a preferred embodiment, the frictional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 Ibf in order to 
optimally support the expanded tubular member 210. 

20 The support member 250 is coupled to the expandable mamftel 205, tufail« 

member 210, shoe 215, and seals 220 and 225. The support member 250 
preferably comprises sen y*i™iflr mwwfriT having sufficient strength to ca ny the 
apparatus 200 into the new section 130 of the wellbore 100. In a preferred 
embodiment, the support member 250 further Pirhidre one or more conventional 

25 centraiizers (not illustrated) to help stabilise the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member 210. In this manner, the extrusion ofthe tubular member 210 off 
ofthe expandable mandrel 205 is facilitated. The lubricant 275 niay comprise any 

30 number of conventional commercially available htbricants such as, for example, 
Lub riplata , chlor ine base d lubricants, oflbasedhibrfeantsqrafonaxl 
(3100). In a preferred embodiment, the lubricant 276 comprises Climax 1500 
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Antis iexe (3100) OT MiaWA frffrn rn^«»T T^h^MiTitit and Eqnipment Co. in Houston. 
TX in order to ptimaliy provide optimum lubrication to facfliate the expansion 



In a preferred embodiment, the support member 260 is thoroughly cleaned 
5 prior to aaaembly to the remainiruj portions of In thi s manner , 

the mtroduction of foreign material into the apparatus 200 is minimised. This 
minimizes the possibility aff^^ 
vaivesofthe apparatus 200. 

In s preferred embodiment, before or after posttfaning the appa»t» 200 
10 withm the new section 130 of the wellbore^ 

circulated in order to ensure that no foreign material* are located within the 
weCbore 100 that might clog up the various flow paatages end rains of the 
gppa^^gQOfniltnwBwiTathatnoib wriaTiinatB^ 



15 Aailhjstratedm Fig. 3, the flum passage 235 iathOT 

flniffle waling ™»*erial 305 la then pupped from a surface location into the fluid 
passage 230. The material 306 then peases from the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the expandable mandrel 205. 
The materiel 305 then passes from the tateriorregUm 310 mtotto fluid pejsege 

20 240. The material 306 then exits the api»«MtttB 200 and fflu the annnJax region 
815 between tb* exterior of the tubule 

new section 130 of the wdlbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 
The material 305 is preferably pumped into the annular region 316 at 
26 prossuTos and flow rates ranging, for example, from about 0 to 60W pel and 0 to 
1,500 ganoiia/min, respectively. The optimum flow rate and operating pressures 
vary as A function of the casing and wellbore sixes, weUbore section length, 
availabte pumpir^ equipment, and fluid properties of the fluidk material being 



30 using conventional empirical m ethods. 

The hardenable fhridic sealing material 305 may comprise any number of 
conventional commercially available bardenable fluidic Bealing materials such as, 
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for example, slag ^ cement or cpoxy. In a prefe rred embod iment, the 
ha rdsnabte flmdie sealing material 305 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TK in order to provide optimal support for tubular member 2 10 
5 wfr H* Tr.mntj»minp npthntrm flow characteristics so as to minimize difficulties 
during the displacement of cement in the annular region 315. The optimum blend 
of the blended cement is preferably determined using conventional pmptrical 
methods, 

The annular region 315 preferably is filled with the material 805 in 
10 tuffidant qqanttties to ensure that, upon radial expansion of the tabular member 
210, the annular region 815 ofthe new section 130 ofthe weObore 100 wffibefiUed 
with material 805. 

In a particularly preferred embodiment, as iBnstrated in Fig. 3a, the wall 
thickness and/or the outer diameter of the tubular member 210 is reduced in the 
15 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 in positions in the wem>arewithti^desrances. Furthermore, in 
this manner, the fr ii t frtfo r of the radial expansion ofthe tubular member 210 
during the extrusion process is optimally facilitated 

As illustrated in Fig. 4, once the annular region 316 has been adequately 
20 filled with material 305, a plug 405, « 

fluid passage 240 thereby finidkiy isolating the interior region 310 from the 
annular region 315. In apreferred embodiment, a non-hardenable fhiidic material 
306 is then pumped into the interior region 310 causing the interior region to 

pressurise. In fill* rpmrwr^ fhp interior Of tfaS «*p«T»rted tubular m^mhur 210 will 
25 nfTt f™tf™ "ff^'^^am^nt^C'™'** MS- ThMwAwgftflTid WTnplififlfl 

the cost ofthe entire process. Alternatively, the material 805 may be used during 

this phase ofthe process. 

Once the interior region 310 becomes sufficiently pressurized, the tubular 

member 210 is extruded off of the expandable mandrel 205. During the extrusion 
30 process, the expand able mandrel 205 may be raised out ofthe expanded portion of 

the tubular member 210. In a prefe rred embodiment, daring the extrusion 

process, the mandrel 205 is raised at approximately the same rate as the tubular 
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member 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new wellbore section 130. In an alternative preferred embodiment, 
the crtrummi procem fa rrmiTy**™™* tubular member 210 positioned above 

the bottom of the new weuhore section 130, keeping the mandrel 205 stationary, 
5 and al lo wing the tabular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 undo- the force of gravity* 

The ping 406 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner . The phig405 preferably acte to fluidicly isolate the h a rdenable fluidk 
10 f««Hng material 80fi *™» the ™™ ^H*" M * flnidte material 306. 

The plug 405 may comprise any number of eonmotiooal commercial^ 
available devices from pluggh^ 

Cementer (MSC) latch-down plug, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the t ea chi ngs of the present disclosure. In 
15 apreferred embodiment 

from Halliburton Energy Services in Dallas, IX 

After placement of the plug 405 in the fluid passage 240, a iwn hardenable 
fluidic material 306 is preferably pumped m to th^ 
and flow rates ranging, for example, from approximately 4(tt to 
20 to 4,000 gallona/min. In this manner, the amount of hardenable fluidic sealing 
material within the interior 310 of the tubular member 210 is minimised Ins 
preferred embodiment, after placement of the plug 405 in the fluid passage 240, 
the non hardenable material 306 is preferably pumped into the interior region 310 
at pressures and flow rates ra^ 
25 fl.OOO gpiirma/mfrn fa order to maximise the extrusion speed, 

In a preferred embodiment, the apparatus 200 is adapted to minimise 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tabular member 2 10 and 
30 expansion mandrel 205, the inner diameter of the tabular member 210, the wall 
thickness of the tubular mem 

of the tubular member 210. In general, the thicker the waU thickness, the smaller 
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the inner diameter, and the greater the yield strength f the tubular member 210, 
then the greater the o perat ing 
210 off of the mandrel 205. 

For typical tubular members 210, the extrusion of the tubular member 210 
5 offoftheeipaiifahtemaiidrd 
S10 reaches, for example, appxwamatx3j 600 to 9,000 psL 

During the extrusion process, the expandable mandrel 206 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging; for 
trample, from about 0 to 6 ft/sec In a preferred embodiment, duringtha extrusion 
10 I*™*"*, *h« wpw^iKUfiMmHml 206 the ^T"^ ptTtfan flf tht 

tubular member 210 at nto 
the tmie required for tn^ 
the exp enskgi p roces s* 

When the end portion 260 of the tubtdarmento 210 is extruded off of the 
16 expendable mandrel 205, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portion 270 of the casing 115 to form an ftam tig ht over lappm g joint The contact 
pressure of the overlapping joint may range, far example, from approximately 50 
to 20,000 pel In a pretaed embodiment* the 
20 joint ranges from approximately 400 to 10,000 psi in order to provide optimum 
pressure to activate the annular seating members 245 and optimally provide 
resistance to axial motion to accommodate typical tensile and compressive loads. 

The overlapping joint b et wee n the section 410 of the existing casing 1 15 and 
the section 266 of the expanded tubular member 2 10 preferably provides a gasecnis 

25 and fluMig Seal. In ft purtimlariy jwmfanvA omW^tmimt ft^^ng TTlCTlhfTB ?4P 

optimally provide a fluidic and gaseous seal in the overlapping jo int 

In a preferred embodiment, the operaangpressureand flow rate of the non 
harden able fhiidir mater ial 506 la oontroDabfr ramped down ^ **** expandable 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 manner, the sudden release of pressure caused by the complete extrusion of the 
tubular member 210 off of the expandable mandrel 205 can be minimised Ina 
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preferred wniwtin^t, the Apgratingpragmre is reduced in a substantially Bnear 
fashion from 100% to about 10% during the end of the extrusion process beg^ 
when the mandrel 205 is within about 5 feet from completion of the extrusion 

6 Alternatively, or in combination, a shock abw 

member 250 in order to absorb the shock caused by the sodden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tabular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Omm ttw» ffftniflfrr* 1 p™"*— im fftmrH^j the T*nd»hW» mandrel MB « 
removed from the wellbore 100. Ina p r efer red e m bod iment , either before or after 
the removal of the expendable mandrel 205, the integrity of the fhndk seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 1 15 is tested using conventional methods. 

If the ftuidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
t h^n nry nn<nrr<!<l portkm of the material 305 within the expanded tubular member 
20 2 10 is then removed in a convent ional manner snch as, for example, circulating the 
uncured material out of the interior of the expanded tabular m ember 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315 is then allowed to core. 

As illustrated in Fig. 5, preferably any remaining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expended tubular member 210 and an outer 
30 annular layer 515 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 406 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In a preferred embodin^ 
of the tubular member 21Q includes one or snore sealing members 605 and one or 
more pressure relief holes 610. In this manner, the overiappiiig joint between the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 is equalised daring the extrusion process. 

In a p r efe rre d embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tabular member 210. In an alternative piefened embodiment, the sealing 

10 membera 605 are bonded or molded onto 

260 of the tubular member 210. The pressure relief holes 610 are preferably 
positioned in the last few feet of the tubular member 210. The pressure relief 
bohm rfffant the operat in g pre worse r^pif^d to expend the upper portion 260 of 
the tubular member 210. This reduction in required operating pressure in turn 

15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. This reduction in velocity in turn minimises the mechanical shock to the 
entire apparatus 200 upon the completion of the extrusion process. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 far forming a casing within a weUbore preferably includes an 

20 CT p *Tidftb l» mandrel or pig 705, an expendible mandrel or pig container 710, a 
tubular member 715, a float shoe 720, a lower cup seal 725, an upper enseal 730, 
a fluid passage 736, a fluid passage 740, a support member 745, a body of lubricant 
750, an overshot connection 755, another support member 760, and a stabilizer 
765. 

25 The expandable mandrel 705 is coupled to and supported by the support 
member 745. The np a ndaW e mandrel 706 la tether cotyled to the expandab le 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of conventional comocrciafliy available expandable mandr els 

30 modified in accordance with the teadiings of the present disctocure. In a preferred 
embodiment, the expandable mandrel 705 comprises a hydraulic expansion tool 
substantially as disclosed in UJS. Pat No. 6^48,095, the contents of which are 
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incorporated barem by referent 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. Tbe expandable mandrel container 710 b 

5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from my number of conventional cominercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titaninm or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 nutferiallram which tb«tubulsrinember715mfebric«ted. In this manner, the 
container 710 can be fabricated from a tubular material having a thinner wall 
th ickness than the tabular member 210. This perniits the container 710 to pass 
through tight clearances thereby fiM-ffitstrng its placement within the weflbore. 
In a preferred embodiment, once the expansion process begins, end the 

15 thicker, lower strength material of the tubular member 715 is expended, the 
TOtsidediameterof the tubular member 715 is greater than the outidue diameter 

of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandr el 70S. The tubular member 715 is preferably expanded in the radial 
20 direction and extruded off of the expandable mandrel 705 substantial*/ as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from sny number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTQ), automotive grade steel or plastics. In a preferred 
embedment, the tubular member 715 is fabricated from OCTG. 
25 In a preferred embodiment, the tubular member 715 has a substsntiaJly 

mm \«, cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular annuls 

The tubular member 716 preferably includes an upper section 805, an 
mtermediate section 810, and a lower section 815. Tha upper section 805 of the 
30 tubular meinber 715 preferably is d 

of the mandrel container 710 and omnig with the top section 820 of to 
member 715. The intermediate section 810 of the tubular member 715 is 



-18- 



preferably defined by the region bffflnnmgintfaevicmi^ofthetqp f the mandrel 
container 710 an d ending with tbe region in the vicinity of the mandrel 705, The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the Tirinity of the mandrel 706 and ending at the bottom 826 of the 
6 tubular member 715. 

la a inferred embodiment, the waU thidaieaa of the section 805 of 
the tubular member 715 is greater than the waUthidmasaeaoftheintennediate 
and lower section* 810 and 815 of the tubular member 716 in order to optimally 
fadliateUie initiation of th^ 

10 700 to be poaitfcned in locations 

The outer diameter and well thickneaa of tbe upper section 805 of the 
tubular member 7 16 may range, for example, from about LOS to 48 inches and 1/B 
to 2 inches, respectively. In a p r ef erred embodiment, the outer diameter and wall 
thickneaa of the upper section 805 of the tubular member 716 range from about 3.5 

15 to 16 inchea and 3/8 to IJ6 inches, respectively. 

The outer diameter and wall thickneaa of the intermediate aection 810 of the 
tubular member 715 may range, for example, from about 2«5 to 50 inches and 1/16 
to 1J5 inches, respectively. In a preferred embodiment, the outer diameter and 
wall thkknesa of the intermediate aection 810 of the tubular member 715 range 

20 from about 3.5 to 19 inches ai*l 1/8 to 

Tbe outer diameter and wall thickness of the lower section 815 rfthe 
tubular member 716 may range, for example, from about 2^ to 50 inclws and 1/16 
to 1.25 inches, respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the lower section 810 of the tubular member 715 range from 

25 about 3.5 to 19 inchea and 1/8 to 1.25 inchea, respectively. In a particularly 
pi e fera ed embodiment, the wall thi»r>fyn pfth* 1^1^ filfi of the tubular 
member 715 is further increased to increaae the strength of the shoe 720 when 
drfll aMe materials such as, for <rg»™pip y aluminum are used. 

The tubular member 715 preferably comprises a st^tabiil^ In 

30 a preferred embodiment, the end portion 820 of the tubular member 715 is slotted, 
perforated, or otherwise modified to catch or slow down the mandrel 705 when it 
completes the extrusion of tubular member 716. In a preferred embodiment, the 
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length of the tubular member 715 is limited to minimize the possibihtyofbuckling. 
For typical tubular member 715 materials, the length of the tubular member 715 
is preferably limited to between about 40 to 20,000 feet in length- 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 

5 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 farther includes an inlet passage 830, and one or more 
jet ports 835. In a particularity preferred embodiment, the cross sectional shape 
of the inlet passage 830 is adapted to receive a latch-down dart, or other similar 
element*, for blocking the inlet passage 830. The interior of the shoe 720 

10 preferably includes a body of solid material 840 fig increasing the strength of the 
shoe 720. In a particularly prefei red embodiment, the body of solid material 840 
c ompnsBB ahnmnmn. 

Hie shoe 720 may c omp rise any ^tiwhap of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve flora latch down phig modified in accordance with the 
teachings of the present disclosure. In a p r efer r ed embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TO, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the weHbore, optimize the seal between the 
tubularmember 715 and an exists 

removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lo wer cup seal 72 5 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expandable mand r el 705. The lower 
cup seal 725 may comprise any number of conventional commmdaDy available cup 
seals audi as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 

30 Halliburton Energy Services in DaBas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 
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The upper cup seal 730 is coupled to and supported by the support member 
760. The upper cup seal 730 prevents foreign materials from entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
min ^ ^^Ti^^nl ^m^^alTy jwnflAblft enp aaalfl mch as. for example. TP 
5 cupa or Selective Injection Packer (SIP) cup modified in accordance with the 
teachings of the present diack»ure. In a preferred embodiment 
730 comprioeo a SOP rap avaflablf frwi F^fa™**™ Energy Service in Paling TX: 
in order to optimally provide a debris barrier and contain a body of lubricant 
Die fluid passage 735 permits fiuidic to be transported to and 

10 Ihra the interior wgiontftheta^ 

705. He fluid passage 735 is flnidicjy coupled to the fluid passage 740. The fluid 
passage 785 is preferably coupled to aai position withfa the support mem^ 
760, the support member 745, the mandrel co nt ainer 710, and the expandable 
mandrel 705. Hie fluid passage 735 preferably extends from a position adjacent 

15 to the surface to the bottom of the expandable mandrel 705. The flnid passage 735 
is preferably positioned along a centerline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such ascend 
epoxies at flow rates and pressures ranging from about 40 to 3,(X» gallons/minute 
and 500 to 9,000 pei in order to provi^ 

20 th* tubular rafflrtw 71 K affof the expandable 70S. 

As described above with reference to Figs. 1-6, daring placement of the 
apparatus 700 within a new section of a weUbore, fluidic materials forced up the 
fluid passage 735 can be released into the wdlbore above the tubular member 715. 
jn n preferred embodiment, the «pp*™*nn 700 farther includes a pressure release 

25 passage that is coupled to and positioned within the support member 260. The 
pressure release passage is further fhiidkty coupled to The 
pressure release passage preferably includes a control valve for controllably 
opening and closing the fluid passage. In a preferred embodiment, the control 
valve is pressure «*rvatedmon^ Th* 

30 pressure release passage is preferably positioned substantial^ 

centerline of the apparatus 700. The pressure release passage is preferably 
selected to convey materials such as rrmfPtw drilling mud or epoxies at flow rates 
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and pressures ranging from about 0 to 500 gallona/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into a new section 
of a wellbore and to minimize surge pressures on the new weHbore section. 

The fluid passage 740 permits fluidic material* to be transported to and 

5 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and fmfr****™** within the shoe 720 in fluidic communication! 
with the interior region of the tubular member 71S below the e xpandab le mandrel 
705. The fluid passage 740 preferably has a cross-section wl shape that permits a 
plug, ox other similar device, to be placed in the inlet 830 of the fluid passage 740 

10 to thereby block farther passage of ihiidk materials. In thin manner, the interior 
region of the tubular member 716 below the exp en dab le mandrel 705 can be 
optimally fluidicly isolated from the regkm exterior to the tabular member 715. 
Tbmpermito the interior regkm of the tubular 
mandrel 205 to be pressurized. 

16 The thud passage 740 is preferably positioned substantially along the 

centerhne of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such aa cement, drilling mod or epoxies at flow rates and 
pressures ranging from aboutO to 8,000 gallons/mhmto and 0 to 9,000 pai to order 
to optimally fill an annular region between the tubular member 715 and a new 

20 aectioncfawellbow with fhddk mate In a preferred c m podi mwnt , the fluid 
passage 740 includes an inlet passage 830 having a geometry that can receive a 
dart and/Or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by totroduring a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 jj n pn-frrr-^ **** «pT«ratani 700 further includes one or more 

seals 846 coupled to ami supported by the eim portion 820 of the tob^inember 
715. The seals 845 are further podtionedra 

820 of the tubular member 715. The seals 845 permit tha cwlapptag joint 
between an end portion of preexisting casing and the end portion 820 of the 
30 tubular member 715 to be fluididy sealed. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the teachings of the 
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present disclosure. In ft preferred embodiment^ the seals 846 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services fa 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 716 and an 
6 existing casing with optimal load bearing capacity to supports 
715. 

In a preferred embodiment, the seals 846 are selected to provide a sufficient 
fridirmal force to support the expended tubular member 716 from the existing 
casing. In a preferred embodiment, the 

10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the 
ex panded tabular m e m be r 715. 

The support member 745 is pref!^^ 
705 and the overshot connection 765. The support member 745 preferably 
comprises an annular member having sufficient strength to cany the apparatus 

16 700 into a new section <tf a weUbora Tlie sopped member 746 m^ comprise any 
number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other high strength tubular modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the support member 746 comprieea conventional drill pipe available 

20 from various steel mills in the United States. 

In a preferred embodiment, a body of lubricant 760 la provided in the 
annular region above the expandable mandrel container 710 within the interior of 
the tubular member 716. In this manner, the extrusion of the tubular member 715 
off of the expandable mandrel 705 is facilitated. The lubricant 705 may comprise 

25 any number of conventional commercially available lubricants such as, for 
sample, Lubriplate, chlorine based lubricants, oil based lubricants, or Climax 
1500 Antisiese (8100). In a pr efe rred embodiment, the lubricant 760 comprises 
Climax 1600 Antisiese (8100) available from Halliburton Energy Services in 
Houston, TX in order to optimally provide lubrication to feriliste the exttusicm 

30 process. 

The overshot cfrn ne ctin n 766 is anqded to the support member 746 and the 
support member 760. The overshot connection 765 preferably permite the snpport 
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member 745 to be nmiovably coupled to the support member 760. The overshot 
connection 765 may comprise any number of conventional co mmer ci al ly available 
overshot connections such as, for example, Innentring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 preferred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is i«eferabfr coupled to to 
755 and a surface support structure (not illustrated). The support member 780 
10 preferabhjcompriaea an annnlar member ba^^ 

apparatus 700 into a new section of a wellbore. The support member 760 may 
comprise sny number of conventional rommerdally availsble support members 
such as, Ibr example, ste^ 

nudinedmaccoTdanxe with the teacb^ Inapreferred 
15 einbo<bnumt, the support member 7W 

from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 

stabiliser 765 also preferahh/ stabilises the components of the apparanie 700 

within the tubular member 715. The stabilizer 766 preferably comprises a 
20 spherical member having so outside diameter that ia about 80 to 99% of the 

interior diameter of the tubular member 715 in order to optanally minimis e 

buckling of the tubular member 715. The stabihzer765 may comprise anynumber 

of conventional commercially available stabilizers such as, for example, EZ Drill 

Star Guides, packer sbnea or dragb^ 
25 ofthe present disclosure. InapreftUTed embodiment, the std 

a sealing adapter upper guide available from Halliburton Energy Services fax 

Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
^^igMy rl«»n«d prior to assembly to the remaining portions of the apparatus 
30 700. mthtainanner,thefattTOductim 

ia minimised This miiifanizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 
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In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of wellbore, a couple of wellbore volumes are circulated 
through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might clog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the expansto 

In a preferred embodiment, the apparatus 700 is operated substantially as 
described above with reference to F^l-7toformanewsectkmofc»singwithm 
a wellbore. 

10 As illustrated in Kg. 8, in an alternative preferredfflihoriiingn t, the method 
and apparatus described berate is used to repair an eadstingwdlbore casing 805 
by farmings tabular liner 810 Inside of the existing wellbore caatng 805. In a 
pi efet red embodiment, an outer annular Hiring of cement is not provided in the 
repaired section. In the alternative prefezredemb 

15 ™ ^frr i«l* can be used to expand the tubular liner 810 into intimate contact with 
the damaged section of the wellbore casing such as, for example, cement, epoxy, 
slag mix, or drilling mud* In the alternative prefer red embodiment, sealing 
members 815 ere preferably provided at bothenda of the tubular membertoor^ 
to optimally provide a fluidic seel In an alternative preferred embodiment, the 

20 tubular liner 810 is farmed within 

as thooeusedtotran^rt hydrocarbons or wat^ 

in an overlapping relationship with the adjacent pipeline section- In this manner, 
underground pipelines can be repaired without having to dig out and replace 
damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 
described harein is used to directly line a wellbore with a tabular liner 8ia Ina 
preferred embodiment, an outer annular Hning of cement is not provided between 
the tubular liner 810 arid the wellbore. la the alternative p r ef erred embodiment, 
any number of flui dic materials can bit used to expand the tabular liner 810 into 

30 intimate contact with the wellbore such as, far example, cement, epoxy, slag mix, 
or drilling mud. 
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Referring now to Figs. 9, 9a, 9b and 9c, * preferred embodiment of an 
apparatus 900 for forming a wellbore casing includes an expandable tubular 
member 902, a support member 904, an expandible mandrel or pig 906, and a shoe 
908. Tn fl p i ^fr r^ 1 embodiment, <Wign md coMtmrfkm of the mandrel 906 
S and shoe 908 permitsea^y removal of those elements by drilling them out In thw 
manner, the assembly 900 can be easily removed from a wellbore using a 
conventiona l drilling apparatus and corr es ponding drilling m e t hods. 

The expendible tubular member 902 preferably in chides an upper portion 
910, an intermediate portion 912 and a lower portion 914, During operation of the 

10 apparatus 900, the tubular member 902 is preferab^ extruded off of the mandrd 
906 by pressurizing an interior region 966 of the tubular member 902. The 
tubular member 902 preferably has a substantially snnnlar cross-section. 

In a particularly preferred embodiment, an expendable tubixlarmember915 
is coupled to the upper portion910of the expand Daring 

15 operation of the apparatus 900, the tubular member 916 is preferably extruded <rfT 
of the mandrel 906 by pressurising the interior region 966 of the tubular member 
902. The tubular member 915 preferably has asubstantialty annular cross-section. 
In a preferred ^mh^***^ , the wall thickness of the tubular member 915 is 
greater *>^™ the wall thickness of the tubular member 902. 

20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials such as, far example, oilfield 
tubulars, low alky steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 916 is fabricated from oilfield tubulars in order to optimally 
provide approxi mately the gume TmyhnTiinnl properties as the tubular member 902. 

25 Inaparticolarly prefm e d embodiment, tto 

point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same yiridpioperti The tubular 

member 915 may comprise a plurality 

In a preferred embodiment, the upper end portion of the tubular member 

30 915 inclndes one or more sealing members for optimally providing a fluidic and/or 
gaseous seal with an existing section of wellbore casing. 
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In a preferred embodiment; the combined length of the tubular members 
902 and 9 15 are limited to minimize the possibility ofbuckling. For typical tubular 
member materials, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 9 14 of the tubular member 902 is preferably coupled to 

the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

Hie tubular member 902 may be fabricated from any number of 
10 conventional commercially available materials such as, for g ^^ pl^ oilfield 
tubulars, km alloy steels, titsnium or stainless steals. In a preferred embodiment; 
the tubular member 902 ia fabricated ir^ 
provide apprariiMt^t^ 

Inaparticularfr pre fe rred embodiment, tim ^fcttWw^i^ppg has aplastic yield 
15 point ranging from about 40,000 to 136,000 psi in order to optimally provide 
approximately the same yield properties as the tubular member 915. 

Tb* wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tabular member 902 may range, Ibraxa 

inches. In a preferred anhedimmt, the t^i™^ nf*y*> intermediate, 
20 and lower portions, 910, 912 and 914 oftha tubular member 9W 
l/BtoL25mordertooptimaIfr 

the tubular member 915. In a preferred embodiment, the wall thickness of the 
lower portion 9 14 is less than or equal to the waU thickness of the upper por^ 
910 in order to optimally provide a geometry that will fit into tight clearances 
25 downhole. 

The outer diameter of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 1.05 to 48 
inches. In aprefarred embodiment, the outer diameter of theupper, intermediate, 
and lower portions, 910, 912 and 914 of the tulmlar member 902 range from a^ 
30 3 Vi to 19 inches in order to optimally provide the ability to expand the most 
oommanjy used oiMSg ld ^lfy^inyg 
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The length of the tubular member 802 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 
5 oammerriaDy available tubular members modified in accordance vrith the tearhings 
of the present disclosure. In a pr e f erred embodiment, the tubular member 902 
POTnpytwPfi nilfi«M flfmntry Tubular Good* available from various ILS. steel mills. 
Th» tubular «wnh«r ft is may eomp™e any number of conv entiona l c omme rcially 
available tubular members modified in accordance with the teachings of the 

10 pr p B Pn tiHf 1 ""** Ina pgaferr od embodiment, the tubular member91i> comprises 
Oilfield Country Tubular Goods available from various ILS. steel mills 

The various elements of the tubular member 902 may be coupled using airy 
number of conventional pr oce ss such as, for *** w r u 1 threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 

15 elements of the tubular member 902 are coupled using welding. Hie tubular 
member 902 may comprise aplurality of tubxilaxetenents that are coupled end to 
end. The various elements of the tubular member 9 16 may be coupled using any 
number of conventional process such as, for esantpto, threaded connections, 
welding or machined from one piece. In a p re f erre d embodiment, the various 

20 dements of the tubular member 915 are coupled using welding. The tabular 
member 915 may comprise a plurality of tubular elements that are coupled end to 
end. The tubular members 902 and 915 may he coupled using any number of 
conventional process such as, for example, threaded co n necti on s, welding or 
machined from one piece. 

25 The support member 904 preferabby includes an innerstring adapter 916, 
a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the snpport member 9(H prefer^ 

during movement of the apparatus 900 within a wellbore. Tie support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steeL In a preferred 
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-mh/wti^mt, th* uppnrt mflnber 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid passage 918 is preferably iiaed to cemveyfloid8 and other materials 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fhiMicly<»upled to the fhiM passage In a preferred embodiment, the fluid 
10 passage 91B is mod to rmmj hmtonr Me ft"**** — ifrig m«<»ri«i« «mi from 
apparatus 900. I^p trt ft i i ^^i" * ^' ^ ^*^^ 

include one or more p re ssur e relief passages (not illustrated) to release fluid 
pressure duringposttkming of the apparatus900 within a wellbore. In a preferred 
embodiment, th* p*«»g* MB iapnmtimipd alonga longitudinal centerhne of 

16 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the c onv e y a n ce of h a rd enable flniiic materials at operating pressures 
ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 preferabfr is ad 

20 within the tubular member 915. The upper guide 920 nmycompiw any number 
of conventional guide members modified in accordance with the teachings of ^ 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
innerstring adapter available from Halliburton EMi^Semces in Dallas, TX order 
to optimally guide the apparatus 900 within the tubular member 915. 

26 The coupling 922 couples the suppo^ The 

coupling 622 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
number of conventional processes such as, for example, welding; threaded 
connections or machined ft™* «^f^ In a pr eferre d embodiment, the various 

30 elements of the support member 904 are coupled using threaded connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928, sl ow er co n e retainer 930, a body of cement 982, a lower guide 
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S^^BMUm^ait^^^npacar^B^hoa^Q^, seabngateeve 942,an 
upper conaretamer944,atabricator mandrel 946, « lubricator ate^»M, a guide 

950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
5 948, and the rubber cup 926. Tbaretam^ 
lubricator aleeve 948. The letainer 924 preferably has a substaruialbr ammlar 
croBB-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 fa coupled to the retail 

946, and the hibrkator sleeve 948. The rubber cup 926 prevents the entry of 




fiyi^i^ft i — — ~ - ... . — — - — - — 

rubber cup 926. The rubber cup 926 inay comprise any nnniber of 
commercially available rubber cups such as, for example, TP cups or Selective 
15 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup awailahte from 
□nier to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 

provio^mthe interior^ 
20 the interlace between the exteric* surface of the mand^ 

sorfaW the tubular members 902 s^^ The tabricant may comprissany 
nuinber of conventional commercially available hibricsnts such as, for example, 

Lubriplate,cbk>rineba^ 
(3100). Inapieferred embodiment, the hmrican^ 
25 (3100)aYailabtef*omOinutt 
order to optmmlly provide m 

Tbe expansion cone 928facoupledtotto 
(rfcemenl 932,thelov»er guide 934, the exte^ 
the upi« cone retainer 944. In a preferred embodin«mt,duxm^ 
80 apparatus 900, the tubuhu- mexnbers 902 and 915 a» 

surface of the expanaion cone 928. ma preferred embodiment, trial movement 
0 ftbeexpenEioncone928ispreventedb y thel(^ 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, and the upper con 
retainer 944, 

The expansion cone 928 preferably has awihi^tjal^annnlarmwsaectioru 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a pr e fer red embodiment, the wall 
thickness of the expansion cone 928 rangee from about 0i6 to 0.75 inches in order 
to optimally provide adequate compressive strength with minimal material. The 
10 mai imum and minimum outride diameters of the ftipaniton cone 928 may range, 
fig example, from about 1 to 47 inches. In * p y * ftgTMgl 

and minimum outside diameters of the expansion cone 928 range from about 8 JB 

to 19 m nwfartn Qptimalfr pniVida «pm«" n?Q*nmr+ftymri\ahU oflfiaM t^tmlllTB 

Hie expansion cone 928 may be fabricated from any number of conventional 

16 commercial^ available matem 

or low alloy steel In a preferred embodiment, the expansion cone 928 is fabricated 
from tool steel in order to optimally provide high strength and abrasion resistance. 
The surface hardness of the outer surface of the expansion cone 928 may range, for 
example, from about 60 Rockwell C to 70 Rockwell C. In a preferred embodiment, 

20 the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 68 Rockwell C to 62 Rockwell C in cader to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 

25 The lower cone retainer 930 is coupled to the expansion cone 928 and the 
bousing 940, In a pr efer red embodiment, axial movement of the expansion cone 
928 is prevented by the tower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cross section. 

The lower cone retainer 930 may be fabricated from any number of 

30 mniwntiflwal ctmmsrt^aSif available mjri*n«fc Bach ji^ f^y^BTTiplft, tw ^nw tnnl 

steel, titanium or iow alloy steel In a preferred embodiment, the tower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and ?h r»«o n resistance. The surface hanfn ma of the outer surface of the 
lower cone retainer 930 may range, for example, from about 60 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hnrrinttw of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 

5 in order to optimally provide high yie^ In a preferred embodiment, the 

lower cone retainer 930 ia heat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a jMTfitt ml embodiment, *™**r cone retainer 830 and the expansion 

10 cone 928 axe farmed as an integral tme^riece dement in order reduce the immber 
of components and increase the overall strength of the apparatus. The outer 
surface ofthe lower c»ne retainer 930 pre 
the tubular members 902 and 915. 

Thebody of cement 932 is positioned within the interior of the mandrel 906. 

15 The body of cement 932 provides an inner bearing atnicture for the mandrd 906. 
The body of cement 932 farther m 

device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
20 commercially available cement compounds. Alternatively, ahimiiwim, cast iron or 
soimothiyfMllfliM^i*^ 11 ^. """p™*^ "» ggg^fl*** material may be substituted 
for cement. The body of cement 932 preferably has a substantially annular qnoaa- 
section. . . 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940, 
25 During operation of tto 

the movement of the mandrel 906 wtthin the tubular member 902. The lower 
guide 934 preferably has a substantially annular cros s sec tion . 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
80 gteel or stainless steel In a preferred em bod iment , the lower guide 934 is 
fabricated ftom tow alloy steel in order to optimally provide h^ 



" The outer surface f the lower guide 984 preferably mutes with the inner surface 
of the tubular member 902 to provide a sliding fit 

The extension sleeve 938 is coupled to the lower guide 934 and the housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension aleeve 936 preferably has a wihstsntjalhr annular cross portion. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel or stainless steeL In a preferred embodiment, the 
10 rrlmtinr fWvo " f«W*tod from low alloy steal in order to optimally provide 
highyield strength. The outersiii^of the extension skmve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a sliding fit- In a 
pr efe rre d embodiment, the fi^^v^ nn sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element hi cider to minimise the number of 
15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing aleeve 942. The spacer 938 
preferabfrirKdndes the ihdd passage 9S2ai^ 

tube 960 of the shoe 908. In this manner, a phig or dart can be conveyed from the 
surface through the fluid passages 918 and 9S2 into the fluid passage 962. 

20 Prefa^fr, the spacer 938 b^ 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials such aa, for example, steel, aluminum or cast 
iron. In a p r ef err ed embodiment, the spacer 938 is fabricated from aluminum in 
order to optimally provide drillability . The end of the spacer 938 preferably mates 

26 with the end of the extension tube 960. In a preferred embodiment, the spacer 
Qftft x»r>4 1>~ r~»Kn g «l«gv»> QA2 *r» frtrmftri g« mn integral onfr-piece element in order 
to reduce the number of components and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 

30 operation of the apparatus 900 , the housing 940 preferably prevents inner radial 
motion of the expansion cone 928. Preferably, the housing 940 has a substantially 
annular cross-flection. 
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The hogging 940 may be fabricated from any number of conventional 
commacialiy available materials such as, for example, oafleldtubulara, low aDoy 
Steele* stainless steeL In a preferred embodiment, the housing 940 m fabricated 
from low aDoy steel In order to optimally provide high yield strength. In a 

5 preferred embodiment, the tower guide 934, extension aleeve 9^ 
are formed as an integral one-piece element in order to minimise the number of 
eomponentB and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 includes one or more protrusions to fadhate the connection between the 

10 housing 940 and the body of cement 932. 

The seating sleeve 942 is coupled to the support manuW 904, the body of 
cement 932, ti» specexmand the upper co^ Dining operation of 

the apparatus, the sealing sleeve 942 preferably provides support for 
906. The sealmg sleeve 942 is preferably co^ 

15 thecoupbng922. Preferably, the sealing sleeve 942 has a substantially annular 
cross-section. 

Tna seating sleeve 942 mav be fabricated from any nuinber of conventional 

commercially available materials such as, for example, steel, ahnninnm or cast 

hxm. In a preferred embodiment, the sealing sleeve 942 is fabricated from 

20 fi »"^ ^ order to optimally provide drillability of the sealing atoeve 942. 

In a particularly preferred «nbc>dimant, the outer surface of the sealing 

sleeve 942 incmdes one or in^protru^ 

sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the seating 

25 sleeve 942 ai*mtegraUyfc*me^ 

number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 

sealing sleeve 942, end thebodyof cement 982. During operation of the apparatus 

900,the upper coneretainex944 prefer^ 
30 cone 928. Preferably , the upper coiie retaim* ^ 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials each as, for example, steel, 
aluminum or cast iron. In a prefer red embodiment, the upper cone retainer 944 
is fabricated from ahwnhmm in order to optimally provide drillability of the upper 
6 cone retainer 944. 

Inaparticolarfrprefen^ 
crown sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 baa a cross-aectionaJ shape 
that is substantially I-shaped to provide increased rigidity and minimise the 
10 amount of material that would have to be drilled out 

The lubricator mandrel 946 is coar^ to ^retainer 924, the rubb^c^ 
826. the upper cone retainer 944, the fabricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 and the tubular member 902. Preferably , the 
hibrimtmr immrirrtl Mff him a srihstimtlslfr mumlnT nm a o s alta n 

The lubricator mandrel 946 may be fabricated from airy number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a prwferrwd —nhndhnmit th« fabricator «nmrfr »i ft^fi jp 
20 fabri ca ted from aluminum in order to optimally provide drillabilxty of the 
lubricator mandrel 946* 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cop 926, the upper cone retainer 944, tte 
948, and the guide 960. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the rubber cup 926. Preferably, tbe lubricator 
sleeve 948 has * ««h«fam»i«ifr annular iron lorH'mi 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for cample, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948is 
30 fabric a t e d from aluminum in order to optimally provide driHability of the 
lubricator aleeve 948. 
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As illustrated in Kg: 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 846. The lubricator sleeve 948 mtmn supports the rubber cup 
926. The retainer 924 couples the nxbbercup 926 to the lubricator sleeve 948. In 
a preferred embodiment, gggls 949a and 949b are provided bciwocn the lubricator 
5 mandrel 946 y lu bri c a to r sleeve 948, and rubber cup 92 6 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900 , the guide 
950 preferably guides the apparatus on the lupport member 904. Preferably, the 
10 guide 950 has & substantia^ 

The guide 960 may be fabricated from any number of conventional 
commercially available materials audi as, for example, steel, aluminum or cast 
iron. In a preferre d embodiment, the guide 960 is fabricated from aluminum 
order to optimally provide drillability of the guide 950 . 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 962 preferably conveys hardenable Quidic 
materials, In a preferred embodiment, the fluid paasage 952 is positioned about 
the centerline of the apparatus 900» In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fluidic materials at pressures 
20 and flow rate ranging ffcmi aborts 

to optimally provide p re ssu res and flow rates to dis p la ce an d circulate fluida during 
the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coufded using any number 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment,^ 

mandre 1 906 are coupled using threaded connections and ce men ting. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, en extension tube 960, a fluid passage 962, and one or more 
outlet Jeta 964. 

SO The housing 954 iB coupled to the body of cement 956 and the lower portion 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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' ihoe 9Q8 to farf 1 **^ trr^» g ^" and p~rifa/inm g «f the tubular member 902. 
Preferably, the homing 954 has * substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
ca mm e t c i aUy available materials audi as, for pvampl*, steel or aluminum. In a 
5 preferred embodiment, the boosing 954 « fabricated from aluminum in order to 
optimally provide driHabfifly of the homing 954. 

In ft particularly preferred embodiment, the interior amface of the homing 
9M includes one or more protnro 
of cement 956 and the housing 954. 
10 The body of cement 956 ia coupled to fee housing 954, sixl the sealing sleeve 
958. In a preferred embodiment, the compociticm of fee body of cement 956 is 
selected to permit the body of cement to be easuydruled out using conventional 
jyflBng machines ***** processes 

The composition of the body of cement 966 may include any number of 
15 conventional cement compositions- In sn alternative embodiment, a drfllable 
material such as, for «™mpi», aluminum or iron may be substituted f o r the body 
of cement 956. 

The sealing sleeve 958 is coupled to the bo<|y of cement 956, the extension 
tube960, the fluid passage 962, «ndoneormoreoatletjetB964. During operation 
20 of the apparatus 900, the sealing sleeve 958 preferably is adapted to convey a 
^Hon^hlo ihnAin m*i*rim\ frmw th# flmri jm*aaga 952 into the fluid passage 962 
and then into the outletjete 964 in onto 

into an annular region to the tubular member 902. In a preferred 

embodiment, Anm e np*rmGtm ofthe apparatus 900, tha sealing slagve 958 farther 

25 frinh^pft j»n gurmmfay fcW pfwintta a mrrrmtinnal phig or dart 974 to became 

lodgedmthe inlet of the aeaHngalem In thia manner, the fluid passage 962 
may be blocked thereby fiuidicjy isolating the interior regkm 966 
member 902* 

In a preferred embodiment, the sealing sleeve 958 has a su b sta nt i ally 
30 annular cross-section. The sealing sleeve 958 may be fabricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment; the sealing sleeve 968 is 
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^fabricated fana ahuninnm in order to optimally provide drUlability f the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one ox more outlet jets 964. DuriiigoperatiOT of the apparatus 

5 900, the extension tube 960 prefersbty^ 
material from the fluid passage 952 into the fluid i^ssage 962 and then into the 
outlet jets 964 in order to inject the hardenable fMdic material into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of tha apparatus^ 

10 geometry that permits a conventional plug or dart 974 to beconelo^ 
inlet of the seahng sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fluidkhriaohttrng the h^ to 
a preferred rniH-^, «n*mnAet the extension tone 960 mates with one end of 
the spacer 938 to order to optimally 

XS two 

In a preferred embodiment, the extension tube 960 has a substantially 
annular crossH«ction. The extension tube960niay be febri^ 
of conventional commercially available materials such as, for example, steel, 
aluminum or east iron. In a preferred embodiment, the extension tube 960 is 
20 fabricated from aluminum in order to optimally provide drfflabflily of the 

extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tulw 960, snd one or more outlet jets 964. During operation of the anparatua900, 
the fluid passage 962 is preferably conveys hardenable fluidic materials. In a 



25 preferred embodfanent, the fluid passage 9TO ia] 
the apparatus 900. to a oarticularb/ preferred em^ 

is adapted to convey hardenable fluidic materials at pressures and flow rate 
rangh^ from about 0 to 9,0()0 pai and 0 to 3,000 ga^^ 

provide fluids at operationally efficien t rates. 
30 The outlet jeto 964 are coupledtothe sealing sl^ 

960. and the fluid passage 962. During operation of the appareto^ 
jets 964 preferabh/ convey hard^ 
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to the region exterior f the apparatus 900. In a preferred embodiment, the shoe 
908 includes a ptarahiy off o^ 

In aprefexred embodiment 
the housing 954 and the body of cement 956 in order to simplify the construction 
5 of the apparatus 900. 

The various elements of the shoe 908 may beroupledufliiigany munberof 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of materiel* In a preferred embodiment, the various 
elements of the shoe 908 ere coupled using cement 

10 In a preferred embodiment, the assembly 900 is operated * n *»# M T i tfa11y as 
described above witii reference to W to create a iiew section of casing in a 
weUbore or to repair a wellborn casing or pipeline. 
In particular, to order to extend a weUbore 
a drill string is used in a well known manner to drill out material from the 

15 subterranean formation to form a new section. 

The ap p aratu s 900 for forming a weUbore casing in a subterranean 
formation is then positioned in the new section of the weUbore . In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 915. Ina 
prefer red emb odiment , a hardenable fhridic sealing bardenable fluidic sealing 

20 material is then pumped from a surface location into the fluid passage 91& The 
ha rdenahle fluidic sealing material than peases from tha fluid passage 91 8 into the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hanfonabte fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 

25 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular member 902 and the interior wafl of the new section of the 
weUbore. Contained pumpingof thehardenahle flnidir scaling material causes the 
material to fill up at least a portion of the annular region 

The hardenable fluidic sealing material is preferably pumped into the 

30 annular region at pressures and flow rates ranging, for example, from about 0 to 
5,000 psi and 0 to 1,500 gaUondmin, respectively. In a preferred embodiment, the 
hardenable fluidic sealing material is pumped mto the annular re 
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and flow rates that are designed far the specific weUbure section in order to 
optimise the displacement of the hardenable fluidic sealing material while not 
creating high enough circulating pressures such that c^^ 
that could cause the weUbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commertnally available hardenable flu id ic s wilm g materials such as, 
for example, slag mix, cement or epoxy. In a p re fe rred embodiment, the 
hardenabl e fluidic sealing material comprises blended cements designed 
10 specifically for the well section being lined available from Halliburton Energy 
Services to Dallas, TXm order to opt^^ 

member while also maintaining optimal flow characteristics so as to minimise 
operational difficulties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

IS using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section ofthewellbore will be 
filled with hardenable material. 

20 Once the annular region has bem 

sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage B62 than^ 

966 of the tubular member 902 from the external annul a r region. In a preferred 
embodiment, a non hardenable fluidic material is then pumped into the interior 
26 region 966 causing the interior region 966 to pressurise. In a particularly 
preferred embodiment, the plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962ty 

rimflar device into the non hardenable fluidic material. In this manner f the 
amount of cured material withm the interior of the tubular ma 
30 is minimised. 

Once the interior region 966 becomes sufBciently pressure the tub^ 
members 902 snd 916 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expandible. During the extrusion process, the mandrel 906 
is raised out of the expanded portions 
the support member 904. During this extruakmproc^ 
substantially st ationar y. 
6 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a surbce location in 
a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fhiid passage such as, 
for example, Multiple Stage Cementer (M9Q latch-down plug, Omega latch-down 
10 plug or three- wiper latch down phig modified fa acoordanee with tte 
the present disclosure. In a preferred embodiment 

a MSG lateh^wn plug available from Haffilniittm Energy Service in Dallas,^ 
After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 

15 pressures and flow rates ranging from appnmmn trty 500 to 9,000 psi and 40 to 
3,000 gallonfi/min in order to optimally extrude tlie tubular manbers 902 and 915 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel will begin when the pressure 

20 of the interior region 966 reaches approximate^ 500 to 9,000 psL In a pref erred 
embodiment, the extrusion of the tubular members 902 and 915 off of the mandrel 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 8,500 psi with a flow rate of about 40 to 1250 gaHonftfmiirate. 

During the extrusion process, the mandrel 906 may be raised out of the 

25 fir»~*«rf portions of the tabular members 902 and 915 at rates ranging; for 
example, from about 0 to 6 ft/sec. In a preferred embodiment, duringthe extrusion 
process, the mandrel 906 is raised out of the expanded portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed fast enough to permit efficient operation and 

30 permit full expansion of the tubular members 902 and 915 prior to curing of the 
hardenable fluidic sealing material; but not so fast that timely adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubulsr member 915 is extruded off f 
the niandrel 906, toouter surface of toupper^ 

915 win preferably contact the interior surface of the lower end portion of the 
existing casing to form an fluid tight overlapping joint. The contact pressure of the 

5 over lapping joint may range, for example, from approximately 60 to 20,000 psL In 
a preferred pnHnHimCTt, th« contact pressure of the overlappmgjoint between the 
upper end of the tubular member 915 and the exiatmg aecti<m of wellbore easing 
ranges from approximately 400 to 10 ,000 pd in order to optima^ proride contact 
proaimrc to nrtrmttr thr mrWrz™'™*-** and pwwida optimal resistance such that 

10 the tabular member 915 and eristingweflbOT 

compressive loads. 

p prtfnr^ -~,t~«m-,t , t>«. operating pressure and flow rate of the non 
bardenable flridk material will be controllabhrrsflnped down when the niandiel 
906reachestheupperend portion of the tubular member 915. fa this manner, the 
15 sudden release of pressure caused by the complete extrusion of the tubular 
manber 915 off rf the expandable mandrel 
embodiment, the operating i»ressure is reduced to a substsnt^ U 
from 100% to about 10% during the end of the extrusion process begmning when 
the mandrel 906 has completed appsoxiinateh/afl but about to 

20 extrusion process. 

InsnaHern aiiw ia el eire demhodfaTirnt , to operataigpressure and/or flow 

rate of the hardenable fhaidk sesh^ material and/or the non bardenable fhndk 

material are controlled during all phases of to operatic* rf to aimaratus 900 to 

miniznixe shock. 
25 AJternatwely,ormccmbiixatkm t a 

member 9(Mmordertoabsorbtosbock caused by tos^ 

Alternatively, or in combination, a mandrel catching strui±ure is provided 

above tosupport inember9Mmorder to catcher at leart 

906. 

30 Cmce to extrumra process is rompiet^ 

toweubore. In a i>referredentotfinent, either be^craftertoremovelofto 
mandr el 906, to integrity of to fluidfc seal of to overlapping joint between to 
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upper portion of the tubular member 915 and the lower portion of the easting 
casing is tested using conventional method s. If the flu id ic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
of the existing casing is satisfactory, then the uncured portion of any of the 
5 hardenable fhidfc sealing material within the expanded tubular member 915 is 
thai removed in a convmtional manner. The hardenable fluidic sealing material 
within the annular region be twe en the expanded tubular member 915 and the 
existing casing and new section ofwellbore is then allowed to cure. 

Pfreftashfr spy remaining cored haidenabte fluidic aeaKng material within 
10 the interior of the expanded tabular members 902 and 915 is then removed in a 
conven tions! maimer using a co nv e nti onal drill string. The resulting new section 
of casing preferahfrindudes to expanded fa^ 

outer annular layer of cured hardenable fluidic seeling material The bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed fay 

15 drilling out the shoe 908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 from the interior of the wellbare^ 
to a malftmctio iL In this circumstance, a conventional drill string is used to dri ll 
out the interior sections of the apparatus 900 in order to facilitate the removal of 

20 the remaining sections* In a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 
aluminum, that permit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 

25 sections of ths mandrel 906 and shoo 908, including one or more of the body of 
cement 932, the spacer 938, the sealing ileer© W2, the upper cone retainer 944, 
the lubricator mandrel 946, the lubricator sleeve 948, the guide 950, the housing 
954, the body of cement 956, the sealing sleeve 958, and the extension tube 960, 
are selected to permit at feast some of these components to be drilled out using 

30 conventional drilling methods and apparatus. In this maimer, in the event of a 
malfunction downhole, the apparatus 900 may be easily removed from the 
wellbore. 
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Referring now to Figs. 10a, 10b. 10c, 10d, lOe, lOf, and lOga method and 
apparatus for creating a tie-baek liner in a wellbore will now be described. As 
illustrated in Fig. 10a, a wellbore 1000 positioned in a subterranean formation 
1002 fach i dea a first caring 1004 and a second caatng 1006. 
6 The first casing 1004 preferably inehwies a tubular 

annumslOlO. The uecond auring 1006 preferably includes a tulrular liner 1012 
and ■ cement annohia 1014. In a preferred embodiment, the second casing 1006 
is formed by expending a tabular meinber substantia^ as described abo^ 
reference to Figs. l-9c or below with reference to Figs, lla-llt 
10 In a particularly prefeii ed embodiment, an upper portion of the tabular 
hncr 1012 overlaps wifliatowerpor^ to a particularly 

preferred bodiment, ">rtter surface of the upper portion of the tabular liner 
1012 toctodes one or more sealing members 1016 for providing a fhiidic seal 
between the tubular liners 1008 and 1012. 
15 BeferrmgtoFiglOb,motdertoaeateatie ^ 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1116, one or more cup seals 1120, a fluid passage 
1180, a fluid passage 1136, one or more fluid passages 1140, seals 1145, and a 
20 support member 1150. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable inandrel 1105 is preferably adapted to 
oontrollably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available e xp andab le mandrels 
25 modifiedtoaccordance with the te^ Inapreferred 
embodiment, the expandable mandrel 1105 cmnprises a hyursau^ 
substantially as disclosed to US. Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modmed to 
present disclosure. 

80 The tubular member 1 110 is coupled to and supported by the expandable 
mandrel 1105. The tubular member 1105 is expended to the rsdimdireetto^ 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fab ri c ate d from any number f materials such as* for example, Oilfield Country 
Tubular Goods, IS chromium tubing or plaatic piping. In a preferred embodiment, 
the tubular member 1110 is fabricated from Oilfield Country Tubular Goods. 
The inner and outer diameters of the tubularmember 1110 may range, for 
5 example, from approximately 0.75 to 47 inches and 1.06 to 48 inches, respectively. 
In a preferred embodiment, the inner andouter diameters 
1110 range from about 3 to 1S^ inches and 3^ to 16 inches, reapec^ 
to optimally provide coverage for typical oilfield casing sixes. The tubular member 
1110 preferably comprises a solid member. 
10 In a prefer red embodime nt, the upper end portion of the tubular member 
1110 is slotted, perforated, or otherwise modified to catch or alow down the 
mandrel 1106 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tabular member 1110 is limited to 
minimixe the possibility of buckling. For typical tubular member 1110 materials, 
15 the length of tbe tubular mi 
to 20,000 feet in length. 

The shoe 1116 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe 1116inchides the fluid passage 11S5. The shoe 1115 may 
comprise any number of conventional commercially available shoes such as, for 
20 example, Super Seainfloat a 

with a sealing sleeve for a latch down prog modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 1115 
comprises an aluminum down-jet guide six* with a sealing 
phig with side ports radiating off of the exit flow port available from Halliburton 
25 Energy Services m Dallas, IX, m 

present disclosure, in order to optimally guide the tubular member 1100 to the 
overlap between the tubular member 1100 and the casing 1012, optimally fluididy 
iaolate the interior of the tubular member 1100 after the latch dcwn plug has 
seated, and optimally permit drilling out of the shoe 1116 after completion of the 
SO expansion and cementing operations. 
Inapnrfen^embodm 
ports 1140 in fluidk communication with the fluid passage 1135. In this manner , 
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the shoe 11 15 injects hardenable fluidic sealing material into the region outside the 
ihoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1140 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1140 can be sealed offby introducing a phig, dart and/or ball sealing elements into 
the fluid passage lift). 

Tbe cup seal 1 120 is coupled to and supported by the support member 1160. 
The cup seal 1120 prevents foreign materiala from entering the interior region of 
the tubular member 1110 adjacent to the expandable mandrel 1105. The cup seal 
10 1120 may comprise any number of conventional commercially available cup seals 
suchaa,forffrairipK 

accordance with, the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1 120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 

20 piefeiably extends from a position ad j acen t to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 1135 peniiitsflnidicmaterialatobetranami^ fromflnid 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1 140 permits fluidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1116. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1 1 10 below the 
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expandable mandrel 1106. The fluid passages 1140 preferably have a cross- 
sectional shape that permitsaph^ 

passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1 110 below the expandable 
5 mandrel 1105 can be fluididy isolated from the region exterior to the tubular 
member 1105* This permits the interior region of the 
the expandable mandrel 1105 to be pressurised. 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 
10 such as cement, drilling nmd or epa 

about 0 to 3,000 gallons/minute and 0 to 9,000 pel in order to optimally fiU the 
annular region between the tubular me 

fluidic materials. In a preferred embodiment, the fluid passages 1140 indnde an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 

15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative emhoriWmt, the base of the shoe 11 15 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 

20 or other similar device, to permit the interior region of the tubular member 
to be fluidicfr isolated from the exteriorof the tubular member 1110. 

The seals 1145 are coupled to and sup p orted by a lower end portion of the 
tubular member 1110. The seals 1 145 are further positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 

25 overlappingjomt between the upper 

end portion of the tubular member 1110 to be fluidity sealed. 

The seals 1145 may comprise any number of convffntw 11 ^ I commercially 
available seals such as, for example, lead, rubber, Teflon or epoxy seals modified 
in a c cor d anc e with the teachings of the present disclosure. In a pr e fer red 

30 embodiment, the aeaia 1 1415 nrwyqm fl» m^] n mfridfd from Btnrtabck epffgy available 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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hydraulic seal in the avwiapp^ 

to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1 145 are selected to optimally provide 
asuflfcicntfrictkaialforce to support the expanded tubular meraber 1110 from the 
5 tubular liner 1008, laa ygfarodcmbodlinent ^ 
seals 1145 ranges from about 1,000 to 1,000,000 Ibfin tension and compression in 
order to optimally support the eipanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 

10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 1100 into the weHbdre 1000. In e preferred embodiment, the support 
member 1150 further includes one or mora conventional centralism (not 
OhistratedJ to help stabilise the tubular inember 1110. 

In a preferred embodiment, a quantity of lubricant 1150 is provided in the 

15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
for example, Inbriplate, chlorine based h^ Climax 1500 Antmeise (3100). 

20 In a preferred embodiment, fee lubricant 1 160 comprises Climax 1500 Aatiaeize 
(3100) available from CUmax Lubricants and Equipment Co. in Houston, IX in 
order to optimally provide lubrication for the extrusion process. 

In a preferred embodiment, the support member 1 150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 manner, the mtrodnettmof foreign material into the apparatus 1100 mmmimlsed , 
This minfmixea the possibility of foreign material dogging the various flow 
passages ami valves of the appro 

interferes with the expansion mandW 1105 durmg the extrusion 

In a particularly p re f erre d embodiment, the apparatus 1100 includes a 
SO packer 1155 coupled to the bottom section of the shoe 1115 for fhiidicly isolating 
the region of the weubore 1000 below the apparatus 1100. In this manner, flnidk 
materials are prevented from entering the region of the weUbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 
commercially available packers such as, for cample, EZ Drill Packer, EZ SV 
Packer or a (billable cement retainer. In a preferred embodiment, the packer 
1155 comprises an EZ Drill Packer available from Halliburton Ener^ 
5 Dallas, TX In an alternative embodiment a high gd strength pill may be set 
below the tie-backinplaceofthepacker 1155. In another alternative embodiment, 
the packer 1156 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1100 
within the weQbore 1100 9 a couple of wellbore volumes are circulated in order to 
10 ensure that no forrign materials are located within the weBbore 1000 that might 
dog up the various flow passages and valves of the apparatus 1100 and to ensure 
that no foreign material interferes with the operation 
1105. 

As illustrated in Fig. 10c, a hardenable fluidk sealing material 1160 is then 

15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping of the material 1160 causes the material 
1160 to fill up at least a portion of the annular region. 

Hie material 1160 may be pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,600 

25 gallonstoin, respectively, iaapreferred embodiment, the mat 

into the annular region at pressures and flow rates specifically dftrngned for the 
casing sices being run, the annular spac es being fiUad, the pum ping ecpiipmant 
available, and the properties of the fluid being pumped. The optimum flow rates 
and pressures are preferably calculated using conventional empirical methods. 

30 The hardenable fluidic sealing material 1160 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials audi as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
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hardenable fiuidic sealing material 1160 comprises blended cementa specifically 
designed for well section befog tied-back, available from Halliburton Energy 
ServieesfaDauas,TXfoordertoopttou^ 

member 1110 ttK 1 - maintaining /ytirmiM flow characteristics ao as to minimize 
5 operational difficulties during the displacement of cement in the annular region. 
The optimum Mend of the blended cements are preferably determined using 
conventional empirical methods . 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tabular member 1110, the 
10 annular region will be fflled with material 1160. 

Aa illustrated in Fig. lOd, once the snnnlarregkmbas been ab>quBt*fr filled 
with material 1160, one or more phigs 1166, or other ahnilar devices, preferabb/ 
are introduced into the fluid passages 1140 thereby Ctaididylsolattag them 
region of the tabular member 1110 ftxim the ann^ 
16 member 1110. In apreferred embodiment, anonb^ 

ia then pumped into the interior region of the tubular member 1110 below the 
mandr el iinfieanangthemteriorretpontopressurize. Inaparticulariy preferred 
embodiment, the one «■ more plugs 1166, or oth^ 
into the fluid passage 1140 with the mtroouctfonof theiionh^ 
20 materiaL In this manner, the amount of harden^ 
interior of the tubular member 1110 is minimise d. 

As illustrated in Fig. 10e, once the interior region becomes sufficiently 
preasurixed, the tabular mem 
1105. Duringtheeitniafonprocess,tte 
25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
frt^^ g *h» plug* 116S into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1 165 may comprise any number of conventional 
commercial avails 
30 brass balls, plugs, rubber balls, or darts modified in accordance with the teachings 
of the present disclosure. 
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In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1165 comprise a single latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
6 hard enable fhiidic material 1161 is preferably pumped into the interior region of 
the tabular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9,000 psi and 40 to 8,000 gallonsfaiin. 
In a pr e f erred emb odiment, after placement ofthe pings 1165 in the fluid passages 
1140, the non harrirnahle fimdfe material 1161 is preferably pumped into the 

10 interior region ofthe tubular member 1110 below the mandrel 1105 at preswres 
and flow rates ranging ftom approximatel y 1200 to 8500 psi and 40 to 1250 
galloxufoin in order to optimally provide extrusian of typical tubulars. 

For typical tubular members 1110, the extrusion ofthe tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 

16 interior region ofthe tubular member 1110 below the mandrel 1105 reaches, for 
example, approximately 1200 to 8500 psL In a preferred embodiment, the 
extrusion ofthe tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure ofthe interior region ofthe tubular member 1110 below the 
mandrel 1105 reaches approximately 1200 to 8500 psL 

20 During the extrusion process, to 

out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 5 ft/sec Inapreferred embodiment, during the extrusion 
process, the expandable mandrel 1105 is raiaed out ofthe expanded portion of the 
tubular member 1110 at rates ranging ftom about0to2ft^ in order to optimally 

25 provide permit adjustment of operational parameters, and optimally ensure that 
the extrusion process will be completed before the material 1160 cures. 

In a preferred embodiment^ 
1110 has an internal diameter less than the outaide diameter of the mandrel 1105. 
In this manner, when the mandrel 1105 expends the section 1180 of the tubular 

30 member 1110, at least a portion ofthe expanded section 1180 effects a seal with 
at least the wellbore casing 101i In a particularly prefab 
is effected by compressing the seals 1016 between the expanded section U 80 and 
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the weflbore casing 1012. In a preferred rmhndimpnt , the contact pressure of the 
joint between the expanded section 1180 of the tubular member 1110 and the 
casing 1012 ranges from about 600 to 10,000 pd in order to optimally provide 
pressure to actrvaie the sealing m 
5 ensure that the joint wfflwrthstandtypk^ 



In an alternative preferred embodiment, substantially all of the entire 
length ofthe tubular nKmiber 1110 hM 

diameter of the mandrel 1105. m this manner, extruaion of the tur/u^ 
10 1110 by the mandrel 1106 results in contact between tabatantiflny all of the 
expanded tabular member 1110 and the existing casing 1008. In a preferred 
embodiment, tbecontart 

member 1110 and the casings 1008 and 1012 raiigesrhmiebout600tol0,(X)0pa 
morto to optmiallyprovme pressure to ac 

16 provide optmialreaistanMtoensore 
of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rata of the 
material 1161 is controllabry ramped down when the expandable mandrel 1105 
thm upper end portion of the tubular member 1110. m this manner, the 

20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the exramdable mandrel 1106 can be minimized. In a 
preferred embodiment, the operating pressure of the fluidic material 1161 is 
reduced in a substantially Inmar fashion from 100% to ab^ 
of the extrusion process beginning when the mandrel 1105 has completed 

25 approximator/ «n but about 6 feet of the extrusion process. 
Altenuttave^OTmcombiM 
member 1150 in order to absorb the shock caused by the audden release of 



Alternatively, or mcombmation, a manorel catching struck 
i upper end portion of th 
decelerate the mandrel 1105. 



SO m the ur^ end portion <>f the tubule 
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Referring to Fig. lOf, once the extrusion process is completed, the 
expandable mandrel 1106 is removed from the weDbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1 105, 
the integrity of the fluidic seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner 1108 is tested 
using conventional methods. If the fluidic seal of the joint between the upper 
portion of the tabular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncured portion of the material 1160 within the 
expanded tubular member lllOis then removed in a conventional manner. The 
10 material 1160 within the annular region between the tubular member 1110 and 
the tubular hner 1008 is then allowed to cure. 

As illustrated in Fig. 10t preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventional manner using a conventional drill string: The resulting tie-back liner 
15 of casing 1170 incfaides t h e ea pa nd ed tubular member U10 and an outer annular 
layer 1175 of cured material 1160. 

As illustrated in Fig. 10g; the remaining bottom portion of the apparatus 
1100 comprising the shoe 1116 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1156 using conventional drilling methods. 
20 In a particularly p refer re d embodiment, the apparatus 1 100 incorporates 

the apparatus 900. 

Referring now to Figs, lla-llf; an embodiment of an apparatus and method 
for hangings tubular hner offof an exirtmgwem>ore casing wm now be deamT^ 
As illustrated in Kg. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The weDbore im indudee an existing caaed section 
a tubular casing 1216 and an annular outer layer of cement 1220. 

In order to extend the wellbore 1200 into the subterranean formation 1205, 
a drill string 1226 is used in a well known numnrr to drill out material from the 
subterranean formation 1205 to form a new section 1230. 
30 As illustrated in Fig. lib, an apparatw 

in a subterranean formation is then positioned in the new section 1230 of the 
wellbore 100. The apparatus 1300 preferably include* an expend^ 
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pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 
1330, a fluid passage 1336, seals 1340, a support member 1345, and a wiper plug 

1350. 

The expandable mandrel 1305 is coupled to and sapported by the support 

5 member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the fr^-WfT' of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1306 comprises a hydraulic expansion tool 

10 substantially as disclosed in UJS. Pat No. 5,348,095, the disclosure of which is 
incorporated herein by reference, modified m accordance with the teach^ 
present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandab^ The tulmlar member 

1810 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 chromium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubular member 1310 may range, for 

20 example, from appxtnoniate^ 

In a preferred emliodnnent, the inner and outer diainetera of the tabular member 
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respect^ in order 
to optimalt-pmrHr Trir ; — 1 »^«~ T iT. ff «ffferf: ^ most commonly encountered 
wellbore sizes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 
portion 1355, an tetennediate portion 1380, and a lower portion 1365. In a 
preferred embodiment, the wall th^ 

1355 of the tubular member 1310 range from abnut3/8 to 1 %inchesand3 *4to 
16 mchea, respectively. In a preferred enAodiment, the watt thictaiese and outer 
30 diameter of the mtermedmtep 

about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thicknesses 
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the tabular member 1310 range from about 3/B to 1.5 inches and 3.5 to 16 inches, 
respectively. 

In a particular^ preferred embodiment, the wall thickness of the 
intermediate section 1360 of the tabular member 1310 is less than or equal to the 
5 wall thickness of the upper and lower sections, 1855 and 1365, of the tubular 
member 1 81 ft fa trrtfr tft gptimflPy mtti»tir*n of the ^rtmwm process 

and optimally permit the plarnnrmt of the apparatus in tress of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a aottd member. In a 
10 preferred embodiment, the upper end portion X855 of the tubular member 1310 
is stotted. pe rf or a t e d, or otherwise modified to catch or slow down the mandrel 
1306 when it completes the extrusion of tubular member 1310. In a profaned 
em b o diment , the leng th of the tubular w MT ffi * w,p 1310 is limited to minimise the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
16 the tubular member 13 1 0 is preferably limited to between about 40 to 20.000 feet 
in length. 

The shoe 1316 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid pa ssag es 1330 and 1336. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 
20 Super Seal II float shoe, Super 8eal H Down-Jet float shoe or guide shoe with a 
sealing sleeve for a latchntown plug modified m accor da nc e wi th the taw 
the pi esent disclosure. In a preferred embodiment, the shoe 1315 comprises an 
aluminum down-jet guide shoe witha 

from Halliburton Energy Services in Dallas, TX, modified in accordance with the 
25 teachings of thepresent disclosure, in oriiertooptimallygnide the tubtilar member 

1310 into the wellbore 1200 , optimally fluidicry isolate the interior of the tubular 

member 1310, and optimally permit the complete drill out of the shoe 1315 upon 

the completion of the extrusion and cementing opera tiona l 

In a preferred embodiment, the shoe 1315 further xnchides one or more side 
30 outlet ports in fluidic corrnminira tion with the fluid passage 1330. In this manner, 

the shoe 1315 preferably iiqecte 

outside the shoe 1315 and tubular member 1310. In a prefer red embodiment, the 
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shoe 1325 includes the fluid passage 1330 having an inlet geometry that can 
receive a fluidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

5 The fluid passage 1320 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1346 and the expandable mandrel 1305. The fluid passage 1320 
pr efer a bl y extends from a p o s i tion ad j a cent to the surface to the bottom of the 
10 expandable mandrel 130& The fluid passage 1320 is preferably portioned along 
a eenteriineofthe apparatus 1300. The fluid passage 1320 Is preferably selected 
to transport ma terials such as c ement, drilling mud, or cpo a d cs at flow rates and 
pressuresrangingffom about 0 to 3,000 

to optimally provide sufficient operating pressures to circulate fluids at 

15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 to coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 13 10 below 

20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a phig, or other similar device, to be placed in fluid 
passage 1330 to thereby block farther passage of flnidicmatariala. In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluididy isolated from the region exterior to the tubular 

25 member 1310. This permits the interior region 1370 of the tubular member 1310 
below the expandable mandrel 1305 to be pressurised. The fluid passage 1380 is 
preferably positioned substantially along the centerhne of the apparatus 1300 . 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoaries at flow rates and pressures r anging from about 0 

30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 1310 and the new section 1230 of the weflbore 
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 



,56- 



includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed offby introducing a plug; dart 
and/or ball sealing elements into the flt^d passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
6 from the region exterior to the tabular member 1310 and shoe 1315. The fluid 
passage 1336 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 is preferably 
p os i t io ne d substantially along the centeriine of the apparatus 1300. Hie fluid 
passage 1335 is preferably selected to convey materials such as cement, drilling 

10 mud or eposes at flow rates and p le asur e s ranging from about 0 to 3,000 
gallons/minute and 0 to 9,000 pel in aider to optimally fin the annular region 
between the tubular member 1310 and the new section 1230 oftheweUbora 1200 
with fluidic materials. 

The seals 1340 are coupled to and sup p ort ed by the upper end portion 1855 

15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 12 15 and 
the upper portion 1355 of the tubular member 1310 to be fluididy sealed. The 
seals 1340 may comprise any number of c onventional connner riaHy av ail a ble seal s 

20 such as, for CTample, lead, rubber Teflon, or epoiy seal* modified in accordance 
with the teachings of the present disclosure. In a preferred embodiment, the seals 
1340 comprise seals molded from Btratalock eposy available from Halliburton 
Energy Services in Dallas, IX in order to optio^lly provide a hydraulic seal in the 
annuhis of the overlapping joint while also creating optimal load bearing capability 

25 to withstand Epical tensile and compressive loads. 

Ina pr e fisrr ed embodimen t, the seals 1340 are selected to optimally provide 
a sufficient frictions! support ths «»ppnflH tubular member 1 31 0 from thtr 
easting casing 1215. In a preferred embodiment, thefrictkraal force provided by 
the seals 1340 ranges from about 1,000 to 1,000,000 flbf in order to optimally 

30 support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably compriaea an annular member having sufficient utrength to cany the 
apparatus 1300 into the new Bection 1280 of the wellbore 1200. In a preferred 
embodiment, ttewpp^ 

centralixers (not illustrated) to help stabilize the tubular member 13 10. 
5 inapreferredexnbodiment,tbe«n?portmen^ 
prior to assembly to the remaining portions of the apparatus 1300. In this 
manner.the introduction of f^^ 

This nunixnizes the poaaibflity of foreign material clogging the various flow 
passages and valvea of the apparatus 1300 and to ensure that no for eign material 

10 interferes with the expansion process. 

The wiper plug I860 ia coupled to the inandrel 1805 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may 
comprise one or more conventional commercially available wiper plugs such as, for 

15 ^gmpift, Multiple Stage Cementer latch-down plugs, Omega latch-down phigs or 
three-wiper latch-down plug modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the wiper phig 1350 coniprisesa 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releaaable 

20 attachment to the expansion mandrel 1305. 

In a prrfrrrH m^"-*, ««« positioning the apparatus 1300 

^rith^ *hm nwr aeetinn 1230 of the weuboxa 1200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 

25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion pr ocess. 

As illustrated in Fig. 1 lc, a hardenable fitiidic aealing material 1880 ii then 
pumped from a surface toca^ The material 1380 

then passes from the fhud passage 1320, thnwgh the fbrid passage 1376, and in^ 
80 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 then passes from the interior region 1370 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 viathe 
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fluid passage 1336 and fills the annular region 1390 between the exterior of the 
tabular member 13 

1200. CVmlftnifd p imping ftf thA material 1380 causes the material 1380 to fill up 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates rangr^ 

1 y gnfl gallona/min, ™Myf»r *iim fr In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,600 gallona/min, respectively, in order to optimally 

10 fiU the annular region between the tu^^ 

of the wellbare 1200 with the hardenahle fluidic sealing material 1380. 

The hardenable fluidic sealing material 1580 may comprise any number of 
eoawe ntfamal TOi-m ft irfrfly available ^w^H 1 ^ fluidic «g«Hngmflteriflbi such «« r 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 

15 hardenable fluidic sealing material 1380 comprises blended cements designed 
gpfdfirally for W"fl ftf**i»n hring drilled md nvaihhle from Hsllibnrtim Energy 
Services in order to optimally provide support for the tubular member 1310 (ru 
displacement of the material 1380 in the annular region 1390. The optimum blend 
of the cement is preferably determined using conventional empirical methods. 

20 The annular region 1390 preferably is filled with the material 1380 in 
s u ffi ci ent q uantities to ensure that, upon radial expansion of the tubular member 
1310, the annular region 1390 of thenar 
filled with material 1380. 

As illustrated in Kg. lid, once the armulari^ion 1390 has been adequately 

25 filled with material 1380, a wiper dart 1395, or other similar device, b introduced 
into the fluid passage 1320. Tfce wiper dart 1895 is preferably pumped through the 
fluid passage 1320 by a non hardenable fluidic material 1381. The wiper dart 1395 
then preferably engages the wiper plug 1350. 

As illustrated in Fig. lie, in a preferred embodiment, engagement of the 

30 wiper dart 1395 with the wiper phig 1350 causes the wiper phig 1350 to decoupfe 
from the mandrel 1305. The wiper dart 1395 and wiper phig 1350 thenprefcrably 
will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 
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passage 1330, and fhtidfcb/ isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodoment, the non 
haxdenabte fhndic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to preasurixe. Once the interior region 1370 

6 becomes Bufficientlj preasurixed, the tubular member 1310 is extruded off of the 
expumabk mandrel 1305. During the extrusUmi*«ess,th^ 
1305 ia raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1396 ia preferably placed mto the fhud passage 1S20 by 

10 ixuroducmg the wiper dart 

in a «mventkmal maimer. The wiper dart 1395 may compriae any number of 
co^tkmalcommerdaJ^ 

fi .^pu, Multiple ataae Cemanter latch-down plugs, Omega latch-down plugs 

or three winer latcb^oimph^ 
15 thepieaentdisclosure. Inapreferredeinbodhnent,tbew^ 

a three wiper lateh^own plug nmdified to latch and aeal in the Multiple Stage 

Cementer latch down plug 1350. The three wiper latch-down plug is available 

from Hallfliurton Energy Services in Dallas, TIL 

AJtcrblockiiigthcfm 4 ^ r^^^u^ the wiper plug 1330 and wiper 
20 dart 1395, the non hardcnable fhudk material 1381 may be immped into the 

hoarier region 1370 at preaaures a^ 

approximately 0 to 6000 pai and 0 to 1,500 gaBonaMun in order to optimally 
extwdethetulnto In thto manner, the 

amount of hardenable fluidic material within the interior of the tubular member 

25 mOunuiumixed, 

Ioaprefened embodiment, after blcckm^ 
haxdenable fluidic material 1381 ia preferably pumped into the interior region 
1370 at pressures and flow rates nmgin^ 

40 to 3,000 gallons/mm in order to optimally provide operating pressures to 
30 maintam the expansion process at rates sum^ 
made in i 
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For ty pical tabular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9,000 psi In a 
preferred embod i ment, the firtniffrffl of the tubular memb er 1310 off of the 
5 expandable mandrel 1306 is a ftmctkm of the tubular member diameter, wall 
thickness of the tubular member, geaxnetry of the mandrel, the of lubrica^ 
the composition of the shoe and tubular member, and the yieM strength of the 
tubular member. The optimum flow rate and operating pressures are preferably 
determined using conventional empirical methods. 

10 P"»*"ff thtf ffirtroii'™ it****"** thm ffp— aru ™«nrfy»i 1305 may be raised 
gut of the portion of the tabular member 1310 at rates ranging, for 

example, from aboutOtoSft/sec. In a preferred embodiment, during the extrusion 
process, the expandable mandrel 1305 may be raised out of the expanded portion 
of the tubular member 1810 at rates ranging from about 0 to 2 ft/aec fa order to 

15 optimally provide an fffH*"* pr oces s , optimally permit operator adjustment of 
operation par am et er s, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extruded 
off of the expandable mandrel 1806, the outer surfece of the upper end portion 

20 1355 of the tabular member^ 

lower end portion of tbe casing 12U The 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodim rot, the contact pressure 
of the overlapping joint ranges from approximately 400 to 10,000 psi in order to 

25 optimally provide contart pressure auffici^ 

enough resistance to withstand typical tenaile and compressive loads. In a 
particularly preferr ed embodiment, the sealing members 1340 will ensure an 
adequate fluidic and gaseous seal in the overlapping joint 
In a preferred embodiment, the operatic 

30 ha rdenable fluidic material 1381 1« <^tiT^hfr T*mperi down whAn thg prpmdahlw 
mandrel 1905 reaches the upper end portion 1855 of the tubular memb er 1310. 
In this manner, the sudden release of pressure caused by the complete extrusion 
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of the tubular member 1310 off f the expandable mandrel 180S cap be minimized 
In a preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 
5 feet of the extrusion process. 

Alternatively, ormcombinn^ 
member 1346 in order to absorb the shock caused by the sudden release of 
pressure. 

A1 tffrr»H^ty, ™* fr» * m<m ^ r * J <**rf™g gferngfaire i« provided 

10 intheupper end portion 1855 of the tubular member 1310 in order to catch or at 
least decelerate the mandrel 1806. 

Onoe the extrusion process is completed, the expendable mandrel 1805 is 
removed from the weMbore 1200. Inaprefimed embodiment, either before or after 
the removal erf the expandable mandrel 1305, the integrity of the fluidk seal of the 

15 overlappingjoint between the upper portion 1 355 of the tubular member 1310 and 
the lower portion of the casing 12 IS is tested using conventional m e thods. If the 
fluid* seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 

20 it thrr mr"™H ™ - j™ro«mti™i«i mirmur Th» material 1380 within the annular 
region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material. 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
fflpyfrntiorcj^ manny 1, using y f^nwntio^fll drill string The resulting new section 

25 of casing 1400 includes the expanded tubular member 1310 aiidari outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprising theshoe 1315 may then be removedbydrillmg out the shoe 1315 using 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 

30 formation has be^ Ascribed that m 

in the borehole. A body of fhiidic material is then imected into the borehole. The 
tubular liner is then radially expanded by extruding the liner off of the mandreL 



The injecting preferably include* injecting a hardenable fluidie sealing material 
into aa annular region located between the borehole and the exterior of the 
tubular liner; and a mm hardenable fluidie material into an interior region of the 
tabular K*«r below the mandreL The method preferably includes fluidicfy 
5 i ff> l? ti pg the annular region from the interior region before injecting the second 
quantity of the nan hardenable sealing material into the interior region. The 
injecting the hardenable fluidie sealing material is preferably provided at 
operating pressures and flow rates ranging from aboutOto 6000 peiandOto 1^00 
gaDonatom The injecting of the non hardenable fluidie material is preferably 

10 provided at operatingpioaiurcB ami flow rates rangingfrom about 500 to 9000 psi 
and 40 to 3,000 galloni/mfa. Tlie injecting of the non hardenahle 
is preferabfr provided at reduced operating pressures an^ i stesdm mgansod 
portion of the extruding. The non hardenable fluidie material is preferably 
injected below to mandreL The method preferab^incfadespressoriringaregkm 

16 of the tubular Hnerbdow the mandreL The region ofthe tubular liner below the 
mandrel ia preferably pressurised to pressures rangingfttnn about 600 to9,000psL 
The method preferably include* fluirifely isolating an interior region of the tubular 
liner from an exterior region of the tubular liner. The method farther preferably 
includes curing the hardenable sealing materia^ and removing at least a portion 

20 of the cured BeaHngTimtcrial located within the tubular liner. The method Anther 
preferably includes omria^ 

The method farther preferably includes sealing the overlap between to 

liner and the existing wellbare casing. The method farther preferably includes 

supporting the extruded tubular liner using the overlap with the existing wellbore 

25 casing. The method farther preferably includes testing to integrity ofthe seal m 
the overlap between the tabular Knar and the existing weltbore casing. The 
method farther preferably includes removing at least a portion of the hardenable 
fluidk sealing nutterial within to The method farther 

preferably includes lubricating the surface of the mandrel The method farther 

30 preferably includes absorbing shock. The method farther preferably includes 
catching the msndz el ** p*y*^ the coBBpletiop of the extr u ding i 
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An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and includes a second fluid passage. 
5 The tubxilar member is coupled to the mandreL The shoe is coupled to the tubular 
liner and includes a third fluid passage. The first, second and third fluid passages 
areoperabJyoouplecL The support member preferably farther includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber. The support member preferably inchidea one or more sealing members 
adapted to prevent foreign material fiw entering an interior region o 
member. The mandrel is preferably expandable. The tubular member is 
preferably fabricated from materials s^ect^ 

Country Tubular Goods, 13 chromium steel tnhingfeasing, and plastic casing. The 

15 tubular member preferably has inner and outer diameters ranging from about 3 
to 15.5 inches and 3JS to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 135,000 psL The tubular 
member preferably includes one or more sealing Hie 
tubular member preferably includes one or more pressure relief holes at an end 

20 portion. The tubular member preferab^ 

portion for slowing dcrwn the mandrel The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is (billable. 

A method of joining a second tubular member to a first tubular member, the 

25 first tubular member having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurising a 
portion of the interior region of the second tubular member, and extruding the 

30 second tubular member off of the mandrel into engagement with the first tubular 
member. The pressurising of the portion of the interior region of the second 
tubular member is preferably provided at operating pressures rangizig from about 
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600 to 9,000 psL The pressurizing of the portion of the interior region of the 
second tubular member is pr e f er a bly provided at reduced operating pressures 
during a latter portion of the extruding. Tbe method farther preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 further preferably in c ludes sup por tin g the extruded first tabular member using 
the overlap with the second tubular member. The method farther preferably 
includes lubricating the surface of the mandrel The method farther preferably 
inclu des s bs or fai ng s hock 

A liner for use in creatinganew section of wellbore casing ina subterranean 

10 formation adjacent to an already existing section of weHbore casing has been 
d es cri bed that in chides an annular member* The ennulsrmanihar includes ons or 
more waling members at an end portion of the annular member, and one or more 
pressure relief passages at an end portion of the annular member. 

A weHbore casing has been described that includes a tubular liner and an 

15 annular body of a cured fluidfcasaling material I%e tubular liner is fanned Iqrthe 
process of extruding the tabular Bnar off of a mandrel The tubular liner is 
preferably farmed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular finer. The 
annular body of the cured fluidic sealing material is preferably fanned by the 

20 process of in jecting a body of hardenaMefhddic sealing material into an annular 
region external of the tubular Hnar» During the praarorfaanfe the interior portion 
of the tubular liner is prefersbly fluididy isolated from an exterior portion of the 

to pre ssur es ranging from about 500 to 9,000 pal The tubular liner preferably 
25 overiape with an existing wellbore casing. The wellbore casing preferabfy farther 

wellbore casing. Tubular liner is preferably supported the overlap with the * 
existing wellbore casing. 

A method of repairing an existing section of a wellbore caring within a 
30 hmehnla haahaim described thut *m4nAy, fngfaiitiTipM tubular PHrr end a mandrel 
withm the wellbore casing, i^ 

pressurising a portion of an interior region of the tabular liner, and radially 
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expandiBg the liner in the borehole by extruding th« liner off of the mandreL In 
a preferred embodiment, the fl u idl c ma t erial is selected from the group consisting 
of dag mix, cement, drilling mud, and epoxy. In a preferred embodiment, the 
mHhod fa***""* fa irhid ffff fluidity imfatmff « n interior r*gim of the tubular liner 
5 from an exterior region of the tubular Oner. In a preferred embodiment, the 
injecting of thg bftdy frf fhlWf '« pr™rid«d «t operating praarore* and flow 

rates ranging from about 500 to 9,000 psi and 40 to 3,000 gaUonVmin. In a 
preferred embodiment, the injecting of the body of fluidk material is provided at 
reduced operatingpressures and ftowratesdnringaneadportto 
10 In a profirm^ r^*^*™*"*, * hm flnlifa wmtiwiil ia injected below the mandreL In 
a preferred emhodfrrmnt, a region of the tabular finer below the mandrel is 
pressurised. In a preferred embodiment 

mandrel is pressurired to pressures ranging from about 500 to 9,000 psL In a 
preferred — »»™«™«"* the ******* fartlmr includes overlapping the tabular liner 
15 with the cgjatingwellbare casing. In a prefer red embodiment, the me thod further 
includes sealing the interface between the tubular liner and to 
casing In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method further hududes testing them 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method father includes lubricating the surface of the 
mandreL In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embortment, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method further includes expanding the mandrel in a radial direction. 

A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubular finer and an annular body of a cured fluidk sealing 
materiaL The tubular liner is formed by the procea of extruding 
off of a mandreL Tl» annular body of a cared ftaidfc sealing im 
30 to the tubular Knar In a prefgrrH fmbftdfapy**, ttihnlar Knar ia formed by the 
process of plarfng the tubular liner and mandrel within the wellbore, and 
pressurising an interior portion of the tubular liner. In a preferred embodiment, 
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duriiiffthe pressor^ 

from an exterior portion of the tubular liner. In a preferred embodiment, the 
interior portion of the tubular linar is pressurized at pressures 
500 to 9,000 psl In a preferred embodiment, the an^^ 
5 sealing material is formed by the prcK» 
sealing material into an aoxm 

the tabular Sner* In a preferred embodiment, the tubular liner overlaps with 
another existing weHbore casing. In a preferred embodiment, the tie-back liner 
further inchides a seal positioned m 

10 other gristing weHbore casing. In a preferr ed embodiment, tubular liner is 
supported by the overlap with the other •ristfagweDbewcamg. 

An apparatus fig expanding a tabular member has been described that 
includes a support member, a mandrel, s tubular member, and a shoe. The 
support member inchides a first fluid passage. Tbo mandrel is coupled to the 

15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tabular member is coupled to the mandreL 
The shoe is coupled to the tubular member. The shoe includes a third Quid 
passage operabjy coupled to the second fluid passage, an interior porta^ and an 

20 exterior portion. The interior portion of the shoe is drillahle. Preferably t the 
interior portion of the mandrel tr-fr"^ * tubular member and a load bearing 
member. Preferably, the load bearing member comprises a (billable body. 
Preferably, the interior portion of the Aoe indudee a tubular menaber, and a load 
bearing member. Preferably, the load bearingmember comprises a drillahle body. 
Preferably, the exterior portion of the mandrel comprises an expansion cone. 
Preferably, tV^r** 1 *^ fffma ************* from material* selected from the group 

COnsiBtingoftodstedytitanilM^andceramfc Prgfapahfr, the wgpiinjrinn cone has 
a surface hardness ranging from about 58 to 62 Rockwell C. Preferably at least a 
portion of the apparatus is d rillahl e. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of TnnHifireitiQp, changes and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it ia appropriate thai the amended daiiM be coastal 
in a manner consistent with the scope of the invention. 



11. A method of creating a easing in a borehole located in a subterranean 

2 formation, comprising: 

3 infftr tt^e a tubular liner and a mandrel in the borehole; 

4 hgectingftaidkina^ 

5 pressurizing a portion of an interior regkm of the tabular liner; and 

6 radially amending at least a portion of the Boer in the borehole by 
r *r** ndfrg At \**bL a portion of the liner off of the mandreL 



12. A method of creating a easing in a borehole located in a section of a 

2 subterranean format™, the borehole having an already existing casing, 

3 OOSBpxiSDQg* 



4 drilling outa new section of the borehole adjac^ to the alreaixy easting 

5 casing; 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overlapping the tubular 

9 iitfecting a hardenable fluidic sealing material into an annular region 

10 between the tubular liner and the new section of the borehole; 

11 flnidic^ isolating the annular region 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 injecting a non hardenahle fluidic material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular liner off of the expandable mandrel; 

17 sealing the overlap between the tubular liner and the already existing 

18 casing; 

19 supporting the tubular hner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 
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testing themtegrity of the sealed 

the already existing cassg; 
renovingatleastapc^ofthehaide^ 

the interior of the tubular liner, 
curing the remaining portions of the fhuuic bardenable fluidic sealing 

materia l; end 
removing at leeatapoitam of the cured fhn^ 

within the tubular liner. 

An apparatus for expanding a tabular manmer.ooiDnriBtog: 
a support member, the support member fadndrngai 
a mandrel coupled to the support mexnljer, them 

a second fluid passage; 
a tubular member coupled to the mandrel; and 
aaboecoupledtothe tubular liner.tb^ 

wherein the first, second and third fluid pasaagm are operably coupled 

An apparatM for expanding a tubul» 

« support number, the support member inchmmg: 

ft first fluid passage; 

a second fluid passage; and 

a flow control valve coupled to the first and seeond fluid paasages; 
an expandable mandrel coupled to the support member, the exp 

njandrel including a third fluid passage counted to the first fluid 



» tabular member coupled to the amndrel, the tabular im 

one or more sealing dements; 
a shoe coupled to the tubular member, the sboemctading: 

a fourth fluid passage coupled to the third ftaid passage, the fo^ 
fluid passage adapted to receive a stop member, and 
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16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 

18 interior region of the tubular member. 

1 5. A method ofjoining a second tubuto 

2 first tubular member having an innerdiametergreater than an outer diameter of 

3 the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 pressurising a ppHfr?" of **** interior r+gbm of tha aagond tubular mumW; 

7 and 

8 extruding the second tubular member off of the mandrel into fmgageroent 

9 with tha first tubular member. 

1 6. A tubular liner, comprising: 

2 an annular member, the annular member including: 

8 one or more sealing members at an end portion of the annular 

4 member, and 

5 one or ixraepreasure relief passages at u 

6 member. 

1 7. A wellbore casing, comprising: 

2 a tubular liner, the tubular liner fonned by the process of: 

3 extruding the tubular liner off of a mandrel; and 

4 u p macular body of a cured fluidic sealing material coupled to the tubular 

5 liner. 

1 8. A tie-back 1 faer for fining an gristing waflbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least a portion of the tubular liner off of a mandrel; and 

4 an annular body of a cured fluidic sealing material coupled to the tub ular 

5 liner. 
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An apparatus for expanding a tubular member, comprising: 

a support member induding a &rt fluid passage; 

a mandrel coupled to the support member, the mandrel including: 

a second fluid passage operably coupled to the first fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of the mandrel is driUabk; 
an expendible tubular member coupled to the mandrel; and 
a shoe coupled to the tubular member, the shoe including: 

a third fluid passage operabfr coapM to the second fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of the shoe is drillable. 
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